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PREFACE 


It fell 1,(1 iiiy let, in the spring nl liisl, year, to lie 
called upon to deliver one of the coursesi' of " Lec¬ 
tures to Working Men ” which have been given by 
the Professors of the lloyal School of Mines and the 
Royal (,'ollege of Science annually for the livat five- 
and-thirty years. The celebration of the sixtieth 
year of the Queen’s reign had taken place a few 
months previously, and it occurred to mo that it 
would he appropriate to the occasion to attempt a 
survey of the progress made in the science and 
practice of chemistry during the preceding .sixty 
years. The difticnlty of the task lay chicHy in 
making such a selection from the immense range 
of material which at once presented itself to the 
mind, as to give to the audience a tolerably clear 
view of thpfe discoverie.s which may bo regardetl as 
funjjamentally important, without creating confusion 
by the introduction of too much detail. 

It is obvious that, in the time at my disposal in 
six lectures, it was not possible to do more than 
sketch in very broad outline the general features of 
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odch subject, and the extent of progress wliich has 
been made in each dircctioi^ 1 wllj desirous of 
assisting my audience, most of whoiu, I'lJhlieve ‘I. 
was justified in assunung, possessed at least an ejp- 
monlary knowledge of physical science, hy^referring* 
them to some book by the aid of which they could 
verify and amplify such notes as they had been a^lo 
to take of the lectures. Hut I coidd find no single 
book of moderate size which afforded an historical 


survey of the succession of events which has led up 
to the system of theory in chemistry accepted at the 
present day. 

In the following pages I have endeavoured to 
provide for the student such information as will 
enable him to understand clearly how the system 
of chemistry as it now is arose out of the previous 
order of things; and for the general reader, who is 
not a systematic student, but who po.s.sc.sse3 .a slight 
aerpiaintanco with the elementary facts of the sub¬ 
ject, a survey of the progress of chemistry as a 
branch of science during the period covered by tho 
lives of those chemists, a few of whom only remain 
among us, who wore young when Queen Victoria 
came to tho throne. 


If justification in a more strictly chemical sense 
were required for beginning such a story i»ith the 
year 1837 or thereabout, it would be provided by 
recalling the fact that at this time the influence of 



Liebig’s leaching was beginning to l>o felt, Tlio now 
organic chcnjiStry, aijd the system of practical in¬ 
struction * in ,research inaugurated by Liebig, wore 
al^ractiiig students from every part of Europe. 

A lar^'projxirtion of the progress in discovery, 
which has gone forward with incroasiiig rapidity since 
that time, may be attributed to the spirit they tliore 
and then imbibed, and whicli coritumed to animate 
so many of them when afterwards they were called 
as teachers to other schools. 

A retrospect over so long a perioil as sixty years 
necessarily includes the consideration of the claims 
of many workers to a place among the founders of 
our science. It is not always pcwsible, however, 
to determine exactly how new ideas originated, or to 
iissigu to every contributor to their csUblishmeut or 
overthrow his just share of credit. With reference 
to this matter, all I can say is that 1 have used my 
best judgment upon the recorded evidence, and I 
have endeavoured in all cases to be completely 
impartial. My own recollections carry mo back 
over more than half the period nd’erred to, and 
I am therefore in a position to s|)cak with direct 
knoyidedge of some of the subjects concerning 
which, in times to come, uncertainty would be likely 
to arisee 

Finally, I desire to point out that this does not 
profess to be a text-book giving a complete picture 
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of llic stiito of laiowlc(l|e iiiid of tlteory* at the 
nioHioiit. Its olijoct, lus already statSi^ is to show 
by wliat priiieipal roads wo Iiavo aw'ivc*d*at th‘o. 
present position, in regard to (piestions of^gcneisvl 
and fundamental importance, 

Uovu, Coi.r.KOK or SeiKNsa;, 
l.oiiiluii, isirj. 



PliEPAOE TO THE SECOND EDITIOX 


In preparing this new odilion nialtor lias hocii 
added in order to living il. up In date, lint the 
purpose of the hook has heen in no way altered. 
The idea is to provide for the student ii clear 
.statement of the aiiecessive steps which have led to 
the system of theory geiierallv aecepli'd hy chemists 
at the present day. 

The reader will jK'reeive that no linality is sng- 
ge.stod in regard to any part ol' (his system. On the 
contrary, it must be clear that the whole is, and 
must remain, in a state of tins, and lialile to readjusts 
ment in conformity with the onward How of dis¬ 
covery. Even those part.s of knowledge which ap|xiar 
most consolidated, such as the system of atomic and 
molecular weights, and the development of synthetical 
chemistry, iocluding stereo-chemistry, liristle with 
problfflns which are the subject of almost conntleas 
researches, and will doubtless lie explained as time 
goes on liy more and more comprehensive hypothe.ses. 
There is no more instructive exerci.se for the student 
of science, at any stage of his progress, than a thought- 
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ful consideration of tho (Jifficnlties which confronted 
curlier enquirers, and how thojr wore o-tercorao. 

Recognising how desirable it is that students should 
not only know the names of the leaders of.sciontific 
thought, but should perceive correctly th^ »onnection 
between their discoveries and the general pr#gress of 
their science, I have added to each chapter a .series 
of biographical notes. In these I have supplied a 
brief sketch of tho life and work of every deceased 
chemist or physicist who has contributed substanti¬ 
ally to the progre.s.s thus far accomplished. To these 
notes has been added information as to authorities 
from which the reader who desires it may obtain all 
tho biographical dcUil which probably now exists. 

In tho case of living chemists I have re.stricted the 
notes to tho statement of tho present position of each 
one as set forth in the list of members of tho Royal 
or other learned Society. 


iHPKBIAt. Ol>U.K(]R OP SciENC’K AM) TKCHNOL.)OY, 
l^eptmhcr 
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THE PROGRESS OF SCIENTIFIC 
CHEMISTRY 

INTRODUCTION 

When iho French rcvolntienaries in 17U2 iletennined 
that the dead piuit niij^lit bury its deiul, that for them 
the world shoidd tjc^'in over again with a now calendar 
and the year 1, a new era was indeed ahont to com¬ 
mence, though in a fashion an<l with results which 
they little dreamed of. Lavoi.sier's' head fell to the 
blade of the guillotine, but there reniaineil active 
minds among the chemists in France and England, 
and the time was near at hand when the eonse- 
qnences of their di.scoverie.s would prove to be more 
momentous than oven that great convulsion which 
changed so much in Franco and other countries of 
Europe. Looking back a century, it is easy to see 
the general features of a social stale wholly different 
from<tliat which prevails in all civilised countries at 
the present day. And it would lat no exaggeration 

' A briefVxount of the life of LavoiiilcT and of other ebemiets 
mentioRed in the text will be found at the end of the chapter, 
together with references which may ite used when fuilcr infonua- 
tion is desired. 
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to say that the greater part of the cftange*s, advan¬ 
tageous to rich and poor ali^o, whiJh^ have accrued 
in the course of this hundred years, aajse’dfroctlyor 
indirectly out of the discoveries in physical Science, 
the full tide of which set in with the opening of thfl 
nineteenth century. Even the progress in Ijfllogioal 
knowledge, and the study of the relations of man to 
his surroundings, may fairly bo counted among the 
consequences of the intellectual activity promoted 
and stimulated by the successful physical and chemi¬ 
cal investigations of this period. Some testimony as 
to the recognition in our own time of the idea that 
the world in relation to science was then passing from 
the old to a new order of things, is to be found in the 
fact that the Uoyal Society, the oldest of the sciontitic 
societies in (Ircal Britain, and one of the oldest in the 
world, commences its great Ctiiuliigw, of &ientific 
Papers with the year 1800. Previously to this time, 
the only branch of .science, apart from pure mathe¬ 
matics, which may be sivid to have made substantial 
progress was astronomy; and even in that case, while 
the mechanism of the heavens was pretty well known, 
ohservers hinl yet to wait half a century longer for 
that wonderful instrument the spectroscope, which 
would inform them as to the composition as well as 
the movements of the heavenly bodies. In medhanics, 
again, much was known as to the theory of the 
mechanical powers—the theory of latent hliat and its 
application to the steam-engine, the pressure of the 
atmosphere and the use of the barometer—but the 
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piopertios of gases in relation to temperature, and 
the phenomena of gaseous diffusion, wore yet to be 
.dtscoverod, and the doctrine of the conservation of 
citprgy, one of the really great discoveries of our age, 
had yet to lx; recognised and established. 

EleeU'icity was in its cradle in 1800, and aa to 
chemistry, the composition of air and water, which 
'had been established by the disi overies of 1‘rieatloy, 
Cavendish, and laivoisier, the general characters of 
acids, base.s, .sidts, and the composition of a few 
minerals, were matters of knowledge .so recently 
acquireil, that they had hardly become familiar 
enough lo bo fully reali.sed. The doelrine of “phlo¬ 
giston” wa.s, of course, by this time defunct. To 
this result many previous observations had contri¬ 
buted, e.s|K!cially the increase in weight experienced 
by metals in undergoing calcination, and the con¬ 
version of caustics into mild alkali by the action of 
fixed air (carbon dioxide), clearly esuhlished by 
Black. To Lavoisier belongs the credit of having 
recognised the truth concerning the functions of 
oxygen in combustion and as a component of atmo¬ 
spheric air as well as of acids, basiis, and sidts, and 
of having thus transformed the ideas and the 
language ofhhemistry. 

The object and chief business of scientific chemistry 
has always been to find out what things are made 
of, to study their properties, and to discover the 
relation of composition to properties. But scientific 
chemistry did not begin till the middle of the 
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seventeenth century, and»it« founder was an Eng¬ 
lishman, Robert Boyle. Previously, w^at wm called 
chemistry, or alchemy, was mainly a oonfus^ mahs. 
of observation largely erroneous, and of hypothesis 
mainly groundless. Two objects had* been set 
before the inquirer, one the production *f* gold 
from base metal, the other the production of a medi¬ 
cine to cure all disease, iticliiding old age. Those' 
days are now long gone by, and all the substantial 
pmcticdl lulvancos and inventions of modern times 
may bo said to have arisen out of the adoption of a 
new principle, the pursuit of knowledge for its own 
sake. The cultivation of exact observation of nature, 
the practice of experiment (which is the substitution 
of prearranged for natural conditions), and the use 
of common sense in the construction of theories, thc.so 
are the steps which have led to real progre.ss, to a 
better knowledge by man of his relation to the uni¬ 
verse in which he is placed, and the adaptation of the 
forces of nature to his needs and desires. 

The study of chemistry leads us at once to a 
classification of the materials of which the world, 
with its atmosphere, ocean, and inhabitants, animal 
and vegetable, are composed. Wo recognise, first, 
two great divisions in these materials, Viz. simple or 
single stufis, and compound. From the formdf we 
can extract only one sort of substance, and this we 
call an clement. From iron, for example, we can get 
only iron, while iron rust is a compound, because we 
can get from it both iron and oxygen. 
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Obseiratioil of this kind^ however, to be complete, 
must be not only qualitative but quantitative. We 
must KViow i^othor the compound, recognised by a 
certain asswiation of qualities which distinguishes it 
from all other kinds of matter, is invariably cumposeil 
of the same materials united in the .same projiortion. 
This has been done for us in a very largo number of 
eases, and the pro])osition that a given compound is 
definite in its nature, and always contains the same 
ingredients combined in the same proportions, is a 
recognised principle which, though many times 
threatened, survives triumphant. To take an example, 
water is a common aubslanec obtainable from many 
natural sources, and exhibiting variations of colour, 
density, ami so forth. But these; variations are only 
apparent, anil are really due to the pre.siaieo of other 
things mixed with it. It is most pure as it falls from 
the .sky, but even then it brings with it gases from 
the air. When it falls upm the ground it meets 
with salts which dissolve, and which, when accumu¬ 
lated in quantity .as in .sea-water, give it a taste; or it 
may dissolve vegetable remains and become green, 
brown, yellow, according to circurnstinces. Pure 
water can also be formed by the chemist by uniting 
together hydrogen and oxygen gases, as first shown 
by t/'aveudish in 17ti3, and in other way.s. But 
when separated from everything else—not an easy 
matter, But still possible—we know water as a nearly 
colourless* liquid, which crystallises into a solid at 


It ttaa a blae ooloar when aeSD tn mala. 
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0° C. (=32° ¥.), and bqjls at 100° (!. ( = 512° F.), 
under ordinary atmospheric jressurd. It is always 
composed of eight* parts of oxygen to ofie part of 
hydrogen hy weight, or ono part of oxygen (b two 
parts of hydrogen Ijy measure, and this admits of no 
variation whatever. , • 

It follows from all this that the idea of the inde- 
drue/ihUity of milter is tajicn as an axiom. The 
mass of a compound is the sum of the mas.sos of 
the elements which enter into it, and though a sub¬ 
stance may change its form, it is never diminished 
in amount. From a series of chemical transformations 
any ordinary element ” may be extracted at any stage, 
jH)ssessing the same properties and having the .same 
weight as at first. This was probably a hard thing 
to believe and understand before the days when the 
materiality of gases® had been established, and 
practical methods for the management and manipu¬ 
lation of such light and bulky stuff as air had been 
introduced. 

Chemists have been industriously testing all sorts 
of materials: the minerals which form the solid earth, 
the gases of the air, the waters of the ocean, and the 
strange, complex, and multitudinous forms of matter 
which make up the bones and muscles, the blood and 
nerves of animals, and the wood, pulp, and juites of 

' The exact ratio is 15 88 to 2 or 7‘94 to 1. 

* See Cbapler X, Radio-active Eleroents. 

* Oiu, a word invented by the alchemist Van Helmont from the 
Greek x<iot=ohao8, empty space. See also Lippmann, *' History of 
tha word (3<%a” Chm. Zeitung, 35, 41 (1911). 



DUCTIOH] daltonV views ( 

vegetables; ai!d out of th^ highly diversified mass 
they have extracted, ^jot an infinite number, but a 
strictly'liitiitfid and comparatively small number of 
simple things. In 1837, the year from which our 
story must •ommenec, fifty-four elements were known. 
A quosjion at once arises: If definite compound 
.siibstauces have a fixed composition, the elements in 
them Ixiing alway.s present in Ibe .sumo proportion, 
what will be the consequence of bringing together 
two or three elements and making them unite ? Will 
the same elements in the same proportion always 
produce the same compound > The answer is that 
this is not ;ilway.s so. The same elements combined 
in exactly the .same proportions may produce two or 
more entirely different substaticcs. Kor example, 
storch and cotton are both compo.scd of ciirbon, 
hydrogen, and oxygen in the siuno proportions 
(C44’44, H G17, 0 4!)'38 jier cent.), and the sugar of 
honey or fruit and the lactic acid of .sour milk form 
another pair of conqmunds which contain the same 
ingredients in the same proijortion. But while starch 
forms a jelly with hot water, and is useful as a food, 
cotton is quite in.soluble in water, and is indigestible; 
while grape sugar is crystalline, sweet, and neutral, 
lactic acid i» liquid, sour, and strongly acid. Here 
is aqfiienomenon, then, which must be accounted for, 
not by the nature of tho elements present, but by 
some otHer hypothesis. 

The facts of definite combination and of multiple 
combination, where two elements are joined in several 
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proportions to form a aj-ies of distink compoun^, 
were long ago accounted for,by thS atomic theory 
of Dalton. According to this doctrine, "which has 
been the fundamental hypothesis of chemistry for 
nearly a century, chemical combinatio* is due to 
tho close approximation of tbe .separate paijicles of 
tho substances uniting. Dalton has expressed tho 
whole idea very clearly in the following passage 
taken from his (Jhemical Philosofhy (1808): 
“Chemical analysis and .synthe.si8 go no farther 
than to the separation of particles one from another, 
and to their reunion. No now creation or destruc¬ 
tion of matter is within tho reach of chemical agency. 
Wo might as well attempt to introduce a new planet 
into the .solar .system, or to annihilate ono already 
in existence, as to create or destroy a particle of 
hydrogen. All the changes wo can produce consist 
in separating particles that are in a state of cohesion 
or combination, and joining those that were previously 
at a distance." 

If, then, two elements combining in tho same pro¬ 
portion may produce two or more distinct compounds, 
this can only bo explained, according to tho atomic 
theory, by the ivssumption that the atoms in the 
different compounds are the same in Tiumber, but 
differently arranged. But why should atoms* eom- 
bino together at all i This has been, and probably 
will always remain, one of the fiindamefital but 
unsolved problems of chemistry. Two bodies at a 
distance from each other are drawn together with 
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a force which is directly §s the product of their 
masses, ^nd ii^vcrsely as the square of tho distance 
between them.- This is tho cause of weight, in which 
the.earlh as the larger body seems to draw all things 
to itself, thoflgh the action is always mutual. So also 
a magnet attracts iron and some otluir metals; a stick 
of glass or resin, which has been rubbed, attracts 
light bodies, such as a feather. In tho last case, as 
in the others, the action is reciprocal, the glass attract¬ 
ing the feather and tho feather tho glass, and tho 
cause of the attraction is said to be tho charge of 
electricity which has been dovelopod ujjon both 
bodies. But after all, every one of these cases of 
attraction is only a degree less obscure than that 
which w(! call “ chemical affinity,” which operates at 
distiinces so small as to bo immeasurably beyond 
recognition by our .son.sos, and even probably by any 
direct moims of measurement which wo can experi¬ 
mentally apply. For although wo know the i.AW of 
gravitation as alreiuly stated, and can make qtian- 
titative expressions of tho /orc« with which bodies 
are drawn together in the other cases, we (!an only 
make guesses as to the c.s.scntial nature of gravitation, 
and of the attraction due to magnctfsin or to electrical 
induction. Ih the case of chemitatl affinity, wo not 
only \lb not yet know why substances unite together, 
but there is at present no measure of tho law as 
to the distance through which particles of uniting 
substances may act upon each other. Nevertheless, 
sjeculation has of oourse not been wanting, and 
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among the several hypotheses concerning the nature 
of chemical affinity, none hap attracted more atten¬ 
tion, or shown signs of greater vitality, tKan the one 
attributing chemical combination to the exist^ce 
upon the atoms of charges of electricity of opposite 
kinds, in virtue of which they unite to form rtioro or 
less completely neutral products. This idea was de¬ 
rived originally from discoveries in connection with 
chemical decomposition by an electric current,—begun 
by l^ichoLson and Carlisle, when in 1800 they for 
the first time docompo.sod water into oxygen and 
hydrogen; continued by Davy, who di.scovercd pobis- 
sium and sodium by the same agency; employed by 
liorzelius as the bivsis of his celebrated theory; and 
studied lastly and chiefly by Faraday, who onunci- 
ale<l the quanlitativo statements which are known as 
Faraday’s laws of electrolysis. In the decomposition 
of compounds by the current, the elements range 
themselves under two clas.ses, namely, those which in 
electrolysis go to the anode' or positive electrode, 
and tho.se which appear at the mthode or negative 
olectrodo. The former of these two classes includes 
oxygon, chlorine, bromine, sulphur, and others which 
are called neiiative elements; and the latter includes 
hydrogen and the metals which are called positive. 
But while it is true that a strongly positive element 
unites with a strongly negative element to form a 
very stable combination, there are many facts which 
render very difficult the application of this electro- 

* These terms were introduced by Paraday. and are in common uy. 
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chemical hypothesis to all ^'ases of chemical com¬ 
bination^ ^ * • 

In 1837 fho^reat Swedish chemist Berzelius was 
still, living, and his views about the composition of 
salts and acids were still predominant, laivoi.sier had 
taught that the compounds of oxygen with mettils 
formed bases, while the oompoimds of oxygen with 
non-metals, such as sulphur, were acids. By union 
of a base with an acid a sidt wius formed. Thus 
sulphate of soda was com|josed of soda or oxide of 
sodium, and sulphuric acid or trioxido of .sulphur. 
Liitcr, when it was found that salts may las formed by 
the union of elements like chlorine with metals, the 
name halogen' was given to such elements by Berze¬ 
lius, and two classes of .salts, called respectively/( u/omI 
and umpli id salts, were recognised. But in each class 
the proximate con.stituents of the sidt, that i.s, the 
sodium and chlorine of common .sidt, and the soda 
and sulplmrio acid of sulphate of .siida, were, accord¬ 
ing to the Bcrzelian classification, res[)cctively electro¬ 
positive and electro-negative, and in the compound 
were united by electric attraction. Fanwlay before 
this time had definitely declared his belief in the 
identity of electricity and chemical affinity; and 
Daniell, in Ws well-known Chmitul Phihmiihj* 
publisBed soon after this time, refers con.stantly to 
"current affinity” in describing the effects of the 
electric current. 


‘ i\% m. Bea-salt, or eimpl; salt. 
* 1839. Second edition, 1843. 
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Such, then, were in general terms the views com¬ 
monly accepted in inorgamc chemjstry. ^Faraday 
having long abandoned the pursuit of pure chemisliy, 
the most famous by far among English chemists^was 
Thomas (Iraham, then Profoasor of (Chemistry in 
University Uolloge (“The University of London”), to 
whom science is indebte<l for his discoveries in con¬ 
nection with gaseous and liquid diffusion, and for his 
advanced views on the constitution of such acids as 
phosphoric acid, which are now called polybasic. 

At the beginning of the century Germany had few 
chemists, and none of the first rank. In 18,17 Liebig 
was in the height of his fame, lint this distinguished 
man, whoso work and teaching were destined to have 
so great an influence on the scientific and industrial 
future of his own country, and so powerfully to stimu¬ 
late the development of scientific chemistry in Eng¬ 
land, had boon compelled in his own youth to seek 
the instruction ho wanted in the laboratory of a 
French chemist. His first investigation wivs made 
in Paris under the direction of Gay-Lussac, and his 
first pajior was publi.shod in the Anmden tie Ohimie 
et de Phtjnqw. Liebig did much to ixfint the way 
to the physiologist, the agrieultimist, the manufac¬ 
turer, in the practical application of’ehemistry to 
useful purposes; but the great work which ha had 
achieved in 1817 was to inaugurate the systemati¬ 
sation of what was then rightly called* organic 
chemistry, as distinguished from the chemistry of 
minerals, salts, and inorganic nature in gener^. 
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Previously to his time the i^ry composition, to say 
nothing of the “ institution ” of such suhstances as 
alcohol, sug&r, *nd the vegetable acids, was almost 
unkno\«fti. Various imperfect and difficult methods 
of analysis ()l>such substances had lieen used sueces- 
sivoly by Jiavoisier, by Gay-Lussac and Thcnard, by 
Berzelius and others; but it was only after an in¬ 
vestigation extending over seven or eight years that 
Liebig succeeded in devising the process which, in 
principle and with modifications relating only to 
details, is used in every laboratory for tho same 
purpose at the present day.’ All the compounds in 
question conUin carbon, associated with hydrogen, 
oxygen, nitrogen, sulphur or other elements, one or 
more of them ; but the great majority contain carbon, 
hydrogen, and oxygen with or without nitrogen. 
WInm siicdi a eomponnd is burnt in oxer.'.ss of oxygen, 
or in contact with a substance which yields oxygen, 
tho carbon is wholly converted into carbon dioxide, 
the hydrogen is converted into water, tho nitrogen is 
set free. The.se products are easily collected and 
their weight determined, anil inasmuch as the com¬ 
position of carbon dioxide and water is accurately 
known, the proportion of carbon and hydrogen in 
the substance burnt is easily determineil. The exact 
determhiation of the composition of a large nuinlier 
of compounds of organic origin, .such as those already 
mentioneif. and a study of some of their transforma¬ 
tions and of the products obtainable from them hy 
^ Poggendorff’s Annaien, 21,1. 
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oxidation and othorwisf, led to very important con¬ 
sequences; for in the 614 ! a dfifinite system of 
organic chemistry was established, and this was basqd 
upon the idea that whereas inorganic compoflnds are 
formeil of elements united together inslifferent pro¬ 
portions, organic compounds were formed,of groups 
of elements which were capable of passing from one 
eomhinatiou to another, and of appearing lus com¬ 
ponents of many distinct compounds, as though they 
were simple. And just as in inorganic chemistry 
there are metals and non-metals which staml in anti¬ 
thesis to each other, .so there arc organic “radicals,” 
as these groups were called, some of which play 
the part of metals, others of elements like sulphur, 
chlorine, or oxygen. Organic chemistry, then, came 
to bo regarded as the chemistry of compound 
“ radicals.” 

Ideas of this kind, however, rarely receive general 
adoption immediately. It had already been shown 
by Gay-Lussac that cyanogen, a compound of carbon 
and nitrogen, habitually imitated the element chlorine 
in its combinations. But the establishment of the 
idea of compound “ radicals ” and their relation to the 
properties of series of oom|)ounds was undoubtedly 
due to the investigation by Liebig ami Wohler into 
the compounds of benzoyl [C^H^OJ, existing in 
bitter-almond oil, in benzoic acid, ami in the com¬ 
pounds immediately derivable from them.* The pro¬ 
pagation of this doctrine was, however, not left to 
the efforts of Liebig and Wohler alone, for by 1837 
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Dumas in Franco had so ful^ lulopted tho idea, that 
in a communicatihn majjo jointly with Idobig to tho 
Academy of Seionces,’ ho announced formally his 
adhesion to tho doctrine. In mineral chemistry, ho 
says, tho radieals arc simple, in organic chemistry the 
radicals ajc compound: “ Voila Itiule In difeirtur." 

Dumas himself, senior to hiehig hy ahout three 
years, had made hy this time very important dis¬ 
coveries, Of the.so tho most striking, whether con¬ 
sidered in reference to its intlueneo on tho jirogrcss 
of “organic” chemistry, or its relation to the electro¬ 
chemical theory of comhination, is the discovery of 
the phenomenon of “suhstilution.” The .story goes 
that attention was drawn to Ihe aclion of chlorine 
upon wax, hy the annoyance caused at a .soiree at 
the Tuilcries hy the irritating finnis iniitlcd hy 
the candlo.s, which hnrned with .i smoky Hame. It 
turned out on ini|uiry that the wax ha<l hcen 
bleached by chlorine, and the fumes emitted on 
burning were duo to hydrogen chloride. Kesearches 
iindortidten hy Dumas led to the discovery in 18114, 
that in contact with many organic compninds 
chlorine is capable of replacing hydn>gcn atom by 
atom, so that for every atom of hydrogen removed, 
an atom of chlorine takes its place. It may bo easily 
imagmtd how distasteful such a discovery would bo 
to Berzelius and the .school of electro-chemists, in¬ 
volving aS it does the idea that a negative clement 
may bo exchanged for a positive element, without a 
^ (jomptes Jtcndu4, v. ^7 (23rd October 1H37). 
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fundamental alteration jn the chemical cfiaracter of 
the resulting compound. T^at sueh is the case was 
not admitted without a controversy yrhich extended 
over many years. It has long been known that the 
property displayed by chlorine is possessed by bro¬ 
mine, and under projicr conditions by iodine, and 
oven by compound group, such as the oxide of 
nitrogen derived from nitric acid. 

Such then was the general condition of knowledge 
relating to chemistry, and to those branches of science 
immediately connected with it, which had been estab- 
li.shed in the former half of the nineteenth century. 
Tho position of science, however, will bo better 
appreciated if it is romomborod that at this date 
none of tho special .societies which exist for the 
cultivation of pure or applied chemistry and physics 
had come into existence.' Tho Royal Society of 
London ((diartered by (diaries II in Kidd) and the 
Royal Society of Edinburgh (founded 1786) wore the 
only important Societies to which communications 
relating to discoveries in chemistry could bo appro¬ 
priately addressed in this country, and in the Philo- 
aophical 'friMwactiom of the. Royal Society of London 
are to be found the greater jxirt of the discoveries 
made by Davy and Faraday. But after tho death 
of Davy in 1829 it seems probable that there was 

' The Chemical Society of London was founded 1841; Phar* 
maceutical Society of Great Britain, 1841; Sooi^U l^bimique de 
Paris, 1858; the Berlin Chemical Society, 1867; the Physical 
Society, 1874; Amerioan Chemical Society, 1876; the Society of 
Chemical Industry, 1881. 
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considerable justification foti complaint as to mis¬ 
management injbh*e Royal Society, such as took shape 
ii\ Babbages JlsJiectioiM on, tlie Decline of Science 
in I^nyhnd, published in 1830. This, however, was 
a state of thiVigs destined soon to pass away, for not 
only was J'Vraday at work at the Royal Institution, 
but in 1K31 the British Association ff)r the Advance¬ 
ment of Science started upon its prosperous career. 

Wo may now proceed to trace the course of dis¬ 
covery in chemistry, but jls this ncccswirily advanced 
u|)on .several lines, which were in the beginning at 
any rate <puie distinct from each other, it will bo 
advantageous to follow lhc.se separately, taking one 
at a time. 


BIOGRAPHICAL NOTES 

Cl.AUOK Loi iH BKKTmjLi,CT wa8 born at Talloire, near 
Annecy, in Huvoy, on 9th Dec. 1748. Ho studiu'l medicine in 
Turin, and aftur obtHinin}; liia degree ho went to Paris. 
Haring been appointed physician to the Due d'Orlt’ans, he 
devoted himself to the study of chemistry. In 178.5 hedeclarod 
himself a supporter of Lavoisier’s anti-phlogistic doctrines. 
During tlie i evolutionary period Herlhollet reiulurod much 
service in advising on tlie luanufacturu of nitre and in the 
production of iron and steel. He accomfiunind Buonaparte io 
Egypt, and after ^is return was nivminated a Kenator of France, 
and afte^ards when Buonaparte liecamo emperor was created 
a peer. * He died on 6tli Nov. 1822. 

BerthoHet's fame rests partly on his application of chlorine 
to the purpdbe of bleacliing, and in this connection the pro- 
duotion of "chloride of lime," but more especially on the views 
put forward in his famous Emi de Etatiq*u Ckimiqw, published 
in 1803. 

• B 



18 THE PROQBESS ($? SCIENTIFIC CHEMISTRY 

Tho law of definite pro|^rtions was finally established in 
opposition to the views of Berthollet, after a long controversy, 
in which the facts were chiefly^upplied the investigations 
of Proust (a Frenchman, for some years pi^fessor in Miftli^d), 
wliu analysed various oxides, sulphides, and carbonates. 

[Thomson’s lliatory of Vkemistry. Vol. ii. \831.] • 

.Tuns Jacob Berzicliuh was born 20th Aug. J779 at the 
village Wiiforsunda, in East (iothlaml. The son of a school¬ 
master, lie studied medicine at ihu University of Upsala. In 
1804 he gradnatud M.D. and commenced practice in Stock¬ 
holm, but in 1806 became a professor in tho University and 
lectured on modicino and on cliomistry. Ho early occupied him¬ 
self with tho eHucts of tliu Voltaic pile, and in 1803 published, 
jointly with Hisiuger, a i>aper on electrolysis, in the course of 
wliich ho described “ammonium amalgam." Ho 8i>ont much 
time in determining tiie proiiortion of oxygon ]>resent in many 
oxides, and showed the connection hetween the quantity of 
oxygon in tho base and tlie amount of acid required to form 
with it a neutral salt. Ho devoted many years to tho analysis of 
compounds for tho purpose of determining tho atomic weights 
of the elements, and, adopting Dalton’s atomic theory, applied 
Mitscherlicli’s law of isomorphism to settling the composition 
of oxides. Ilerxolius introduced the symbols wliich since his 
time have been used to represent atoms, namely, the initial 
letters of the Latin names of the respective elements. His 
electro-chemical theory of alHnity has been cunsulorably 
modified, but Berzelius was the first to show experimentally 
that in organic compounds the elements are united, as in 
inorganic compounds, in definite atomic proportions. In the 
examination of tartaric and racemic acids he discovered iso¬ 
merism. Berzelius discovered cerium (1803), solonium (1818), 
and thorium (1828), and isolated silicon, zirconium, and tan¬ 
talum. Hu dieil at Stockholm, 7th Aug. 18^8. 

[Obitiwry by H. Uose, translated into the Jouni. 

[2J xvi. and xvii. (I8f>3 hi). Obituary, I’ror. Riryal Nor., 
vol. ft, 872 (1849). WntoTyo/Vkfmii'alTkeoiy. A.iVurtz. 1869.] 

JoHEi’H Black.-— Born at or near Bordeaux, 1728. After 
education at a grammar school, chieHy at Belfast, he entered 
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the University of Glasgow, whert he studied medicine. He 
graduated M.D. at Edinburgh in 1754, and subsequently became 
Professor t>f h(ediAno at Glasgow. Black studied latent heat 
with* important rmults. iiis most important chemical work 
consisted* in Erpermfuti «n MiujueMa, nni othtr 

Alfiihni' (1777), puhliBheil after ho bociimo Professor 

of Chemistry in the University of Edinburgh. He died l()th 
Nov. 1799,* 

[lllxl»rij I'f Thos. Tlumisoii. N'ul. i. (1>*'U).] 

Roiikkt Biiu.k.- Sovonth .sonand fourtwnth fluid of Richard 
Boylo, first Karl of Cork. Born at Lismoro, 25th Jan. 
10'27. Kdiicatffl at Eton and on tho tVmtim'nt. Settled nt 
Oxford, iii:d Ihero orooted a laboratory. In 1662 juiblished 
ex|>oniiiontal proof of “ Buylo's Law” coinu‘cting vohinui with 
elasticity and prossuro f>{ guKo.s. Took n loading |iart in 
foinuling tho Royal S<H'ioty. In his liook entitled Thr Sceptical 
Clicinixt (1080), 1h) gave the doath-hlow to tho alcliemistic 
ilootrino «if tho tna pnuKi, imd laid tho foundation of chemical 
Kfionco bysnjiplyiiig llui dotiiution of a chemical elotiu-nt which 
has heon accepte<l down to tho present day. 

Boylo never mariiod. Ho died in London, :M)t[i Hoc. 160!, 

[llirt{(,n<iry of Nulumo! Ilioiptiphy. hi I{\x1iiric(il 

Thor|K* j 

Anthony Caumm.i:, born 1768. died ISlu. Surgeon; 
knighted IH'JO. 

[Ihctioiiiinj Ilf Xitlionnl 

Hknky C\vK\i»rsH, tho son of Lord Charles Cavendish and 
grandson of the second Duke of Dovonshire, was l)orn at Nice, 
1731. Educated at Poterhouse, Cambridge, ho studied inathe- 
matics and experimented in physics and chemistry. His 
greatest chemical,discoveries were the nloiitifioation and dis- 
criminatipn of hydrogen from other kinds <»f “inflammable 
air,” the detcrmiimtion of the composition of water, ami tho 
ostahlishmenC of tho practically constant proportions of oxygen 
in atmosphere air. But he was also the first to give a method 
for estimating the density of the earth, and his name is 
associated with this methoct, the application of which is known 
as |lw " Cavendish Experiment.” 
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« « 

He died in London on ^lie 4th Feb. 1810, leering a vety 
large fortune. * 

[Life of the Honourable Henhj Cavendi^, .Qeofge Wilson. 
Cavendish Society, 1851. KittaijB tw Historical Chemutry. 
Thoriw.] 

John Dalton, boro at the village of Eaglosfield, near Cocker- 
mouth, Otmihoi hind, 1760. At fifteen he liecanie assistant in a 
school at Kendal, of which ho ultimately hiH’nme Principal. In 
179.3 ho removed to Manchester, and for six years acted as Tutor 
in Mathematics and Natural Philosophy in the New Colloge. 
Suhseijuontly ho worked a.s privato tutor, occa.'^ionaliy lecturing 
in London am) other plm-es. Uuniombered cliieily :is the author 
of the Atomic Theory in its application to Chemical Combina¬ 
tion, hut made important ohsorvations on the c<in.stitution of 
mixed gases and the oxiHinsion of gases by boat. Ills views 
are expounded in his Nin' Systnu of ('Itnnicnl Philo'-fliih'j, of which 
the Hist volume ap|Hjared in 1808. Ho suffored from an ex¬ 
treme form of colour-hhndnuss, of which ho gave an account in 
17!M. 

Died at Manchester, 'd7th July 1811. 

[Lifi'y by W. C. Henry. Cavendish Society, IH.')!.] 

John FiiKUKincK Daniki.i,, horn 12th March 171)0, in 
liondon. His earliest oontrihiitions to scionce related to 
motoorol<»gy ami crystallography. In 18.30 ho described the 
pyrometer which boars his name, and for this ho received the 
Uumford mmlal. He was at this time appointed first Pro¬ 
fessor of Chemistry in King’s College, Ls)ndon, and thereafter 
ho devoted himself chiefly to electroH-homistry. He devised 
the constant lottery known as Danieirs. In 18.39 he became 
Foreign Socrotiiry of tliu Koyal Society, and while attending a 
meeting of the Council he died suddenly 'of apoplexy, I3th 
March 1815. * ’ 

[Phil, hfofj.y 28, 409 (1816). Memoirs of the Chem. Noe., 2,829 
(1845).] o 


Humphry D.vvy was bom at Penzance, 17th Dee. 1778. 
Educated at Penzance Gnunmar School and at Truro. When 
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twenty years of age he became lusiltant to Dr. Betidues at the 
Fneumatio Iiistitutioif, Dristoh where he dis(*uvero<l the anres* 
thotic ]>ro(^rty»of iTitrous uxiue. In IKOl he removed to the 
Rtya] Institution in U>ndun, where lie was first appointed 
Assistant* Lecturer, and subseijuontly, in 18(12, Professor of 
Chemistry. Hure he isolated |iotassium and siMlium by eIoc> 
troiysis of tlie hydroxides, denionstruted the elunientury nature 
of i-ldorine,%nd invented the minor’s 8afety>tainp. Created a 
baronet 1818, and elected IVesidunt of the Uoynl Society 
1820. 

IHoil at (leneva, 29th May I82i). 

[I.ift, by his brother, .lolin Davy. Two vuls., ISUG. //mn- 
ph\j Pud and l’Udus»j)ftu\ T. K. TIh'I-jm*. 1890.) 

.Ikan Baitistk ANDKfi Di MAS was born at Alais, in France, 
l4th July 1800. ApprentHvil to a pharmocion at Alais. In 
I8l<! lie went lo Cenevn, whore he attended the lectures of 
do Candolle, Piotet, and (J. «le la Hive, lie removed to Paris 
m and obtained employment a-' HOpetiteur de Chimio to 
Th6nard’8 lectures at the tJcole Polytechni(|Uo. Subsw^uently 
he iHieame Professor at the Athenieum, a S('mi-|>o]mlar in¬ 
stitution. in 1826, in a paper un the Atomic'rh4S)ry. hetlescribed 
his method of taking vajHiur densities. Soon afterwards he 
discovered the substitution of hydrogen in organic compounds 
by chlorine. In 1829 lie founded the fxxile Oentrale dot Arts 
et Manufactures, where he lectured till lHr>2. In 18.32 he 
succeeded (lay-Lussac ns Professor at the SorlH>nno, and a 
few years later umlortook also the Chair of Chemistry at the 
I^^ole do Mcdocine. 

Dumas’ name is associated with the early phases of the 
theory of types, and with speculations on the numerical re¬ 
lations of the atomic weights. 

In 1869 Dumas^elivered in London the first of the Faraday 
Lectures, organised by the Chemical Society in memory of 
Faraday. He was recipient of many other honours, including 
the Copley Medal of the Royal Society and the Prussian Order 
pour U 

He died at Cannes, llth April 1884. 

[Olntuary in the /cum. CKem. Soc., 47, 310 (1885). Ei$ayi 
inJUderieal Chmidry. T. E. Thorpe.) 
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Micharl Faraday, borntat Newington, Sumy, 22nd Sept. 
1791, was tbu son of a blacksmith. After being apprenticed 
to a bookbinder he l)ecamo laboratory as^staiit td Davy at 
the Royal Institution. In 1813 ho travelled as secretary and 
valet with Sir Humphry and Lady Davy, returnirfg to the 
Royal Institution in 18ir>. In 1810 ho begandocturing in the 
City, and in the .same year proiluced his first paper on a Speci¬ 
men of Natural Caustic Lime, ffo began lectuting at the 
Royal Institution in lH:i7, and was appointed first Fullerian 
Professor of Chomistry in 1833. in 1829 ho became one of 
the Scientific Advisers to the Admiralty, and in 18.3C Scientific 
Advisor to tiio Trinity House. lie was tho first to make system¬ 
atic experiments on the liquefaction of gases, and discovered 
benzene lH2.o. Faraday discovered electromagnetic induction, 
and made a large number of other discoveries in connection 
with electricity and magnetism, of which the most important 
t(» the chemist are tho laws of electrolysis. 

brom I8.3f) Faraday received a pension fr(»in Ciovernment, 
and ill 1858 tlie use t»f a house at Hampton Court, where he 
died, 2r)th August 18(!7. He is buriotl in Highgate Cemetery. 

[l.ife «n// l.rltns of Michnvl Furadaij. Henry Bence Jones. 
Two vols., 1870. Farwfnti a.s a IfUcovenr. J(dm Tyndall, 
18U8.] 

Loi'is JosKiMi (Lw-Li-.ssac, liorn 6th Dec. 1778, at St. 
Leonard, a small town near Limoges. In consequence of the 
Revolution his education was imperfect till, in 179.'>, he was sent 
to Paris to prepare for the examinations of the ^Icole Poly* 
teclinique, to which ho gained admission in December 1797. 
Bortliollet was then Professor, and under his influence and that 
of Laplace the youth was guided iii his study of the physical 
properties of gases. His first paper on the dilatation of gases 
hy heat was published in 1801. In order to ^st the extent of 
the magnetism of the earth he ascended alone in a h^lloon to 
tho height of 7000 metres. He also brought down samples of 
air from this elevation, which he analysed. In 1808 he pub¬ 
lished tho result of his researches on the combinaClon of gases 
by volume, and established the law which usually bears hia 
name. After the discovery of sodium and potassium by Davy, 
Uay-Lussac, in association with Thenard, discovered that tfa^e 
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oxides TOuld bo decomposed by iro^at a hif^h temperature aud 
the metals more readily isolated. In 1H15 he discovered 
cyanogen. • In addition to tHoso resoarchos he made a large 
number of ostiiiiat^ons of the solubility of salts in water, and 
introduced many improvements in analytical processes, notably 
in oorAiection wjth the wet assay of silver. His last memoir, 
published in 184H, w'as on A^ua Kegia. (biy-Lusstvc held many 
public ofTic^ and received many hotu)Ur.<f, finally l>ucoiiung in 
a meml»er of the House of I’oers. 

He <liod on the 0th May IK50. 

\l*ri)C€eiiiu(j^ t)f Ihc .sVvfy, vol. v. p 1013 (ISriO).] 


TnoM.vH (jUmiam, Iwrn in Glasgow, iJlst Doc. IftOf). Ho wite 
educated atthu High School an<l University, and studiod chemis¬ 
try nndor Thomas ThoiiiHon at Glasgow, and after graduation 
attondud tho lectures of Ho])u an<l LoHlie in Kdinhurgh. In 
1H2!> ho M'as ap|>oinlud lA'ctnier at tho Mechanics Institute, 
Glasgow, and tiio following year iMjcame Lecturer in Uhemistry 
at .\nders(>n’H (\>llogo. In iH33 ht> piibhshed rosoarches on tho 
throe phosphoric aruiH,and in 183<! was elected F.U.o In 1H37 
ho a'as ap]K)intud to snecced Turner as Professor of Uhemistry 
in tho now Univorsily of London (I'nivursity <'o!leg<‘). First 
I’resiUent of the Uhemical Society, founded {S4l. Graham’s 
name is ospecially associated with the study of gasoons dif¬ 
fusion, of which he announced tho law in lH3t, and investi¬ 
gations concerning tho diffii.sion of li(|Ui<ls. He also disc4»verod 
the phenomena of the absorption of gases by colloids and the 
sopamtion of the constituents of gu.>ei>iis mixtures by moans 
of colloids and metals. 

Graham died in Tj(»n<lou on tho ICtli Sopt. iHfh). 

[Life and IVork* of Tk>ima$ fi»a/taia, liy K. Angus Smith. 
Glasgow, 1HH4. Obituary, Joum. Ckem. Sw., vol. xxiii. p. 293 
(1870).] ^ 

AuidlNB Lai RENT Lavoisier, born in Paris, 2<ith Aug. 1743. 
Educated at the College Maearin. He at first studied law, 
but soon t<Ak up mathematics and natural science. Having 
studied geology and mineralogy with Guetiard, he accom¬ 
panied him (1767) in his travels through the eastern parts of 
Fnoce, collecting minerals with a view to the Mineralogical 
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Atlfts, published some years later. In 176^ he sent his first 
paper to the Academy of Sciences. Tl^ugh heir to a large 
fortune he joined at this time tiie Ferm g^raU, % company 
of financiers to whom the State entrusted tfie c&llection of the 
indirect taxes. In 1771 he married Marie Anne J^ierrette 
Pauixe at the age of fourteen years. She devoted herself to 
the improvement of her education and becanie*a very valuable 
assistant to her husband. After Lavoisier’s death |he married 
Count Rumford 

In 1774, after the discovery of oxygen by Priestley, Lavoisier 
was able to give the true explanation of the process of com* 
bustion, and having found oxygen in nearly all acids he gave 
to it the name prijicij>e o/yijme, and later oxyg^ie. This anti¬ 
phlogistic doctrine was also applied to the explanation of the 
increase of weight sustained by metals when calcined in the 
air. liavoisier also showed that the common bases and acids 
consisted of oxide.s, and that by their union they formed 
salts. 

Many works of public utility were undertaken by Lavoisier, 
but ho had the misfortune to live at the time of the Revolution, 
and having l>eon a member of tho “ Ferme,” was condemned by 
the Convention, and on 0th May 1794 suffered death by the 
guillutino in ci>mpuny with twenty-seven other fermiers 
gt'n6raux. 

[Lavoisier, par Ed. (Jrimaux. Paris, 1888. Esmys in His¬ 
torical Chemistry, T. E. Thorpe.] 

JuuTDH vuN Liibio, born at Darmstadt, l2th May 1803, 
where his father was a colour manufacturer. He passed through 
an unsuccessful school career at the local gymnasium, and at 
the age of sixteen was apprenticed to an apothecary. Being 
as little fitted for pharmacy as for classical studies, hit father 
allowed him to proceed to the University of Bonn and sub¬ 
sequently to Erlangen. Tho teaching of chendstry in Germany 
being unsatisfactory ho went to Pahs, and after some difficulty 
obtained admission into Quy-Lussac's laboratory. In 1824 he 
was appointed Professor-extraordinary at Giesstp, and two 
ymrs later ordinary Professor. Here be remained till called 
to Munich in 1852. He died on the 18th April 1873. In 
aasociation with Wohler ho studied the essential oil of bitter 

o 



BIOORA1*HICAI| NOTES 25 

almonds and its products, the in^stigation resulting in the 
theory of compound radicals. 

Liebig invent the combustion metiiod of organic analysis 
and discovered a large number of compounds, including chloral, 
chloroforftj, and many cyanogen comiMunnls, and jointly with 
\V(>h)Sr many pi;^>duotB from uric acid. He also studied many 
questions connected with physiology mul agricultun*, and 
showed th» importance of mineral mattci s, eH))ecially potash 
and phosphates, as plant food. 

Liebig’s great and most pornmnent service to science was in 
the establishment of the school of cln.’tuistry at Giessen, 
whoru experimental research was fur the Hrst time made tlio 
distinctive feature. 

[The Idje Work 0 / Lkbuj. A. W. Hofmann. Jouni. Chern. 
Noe., vol. xxviii. p. 1065(1875). fAihuj aud His Injlxu:nce on the 
Progress of Modern Vheinistnj. W. A. Tddon. Nature, 24th 
Aug. 1911.] 

Wii.LiAM Nicholson, Ixirn 1753. ilicd 1815. Editor of the 
Jourml of Niiturol Plnhi^ophy (1797 18(5). Inventor of 
Nicholson's Hydrometer. 

[IHctionury of National Hioguiphy ] 

Joseph Priektlry was born at Fieldhead, near Leeds, 13th 
March 1733. He received a grammar-school education, and at 
the age of twenty-two became pastor of a small Presbyterian 
congregation ut Needham Market. After a time he adopted Uni¬ 
tarian doctrines, and became minister at Nantwich and tutor 
in Language and Literature at Warrington Academy. In 17G7 
he became minister at Mill Hill Chape), Leeds, and in 1780 re¬ 
moved to Birmingham. The opinions expressed in his volu¬ 
minous theological writings brought him unpopularity, which 
culminate<l in the destruction of his house, books, and 
apparatus by a mob. Ho then removed in 1791 to London, 
where he preached at Hackney, but in 1794 he emigrated to 
America and ultimately settled at Northumberland, Pennsyl¬ 
vania, wher^he died on 6tb Feb. 1804. 

Priestley’s most famous discovery of oxygen was made 
1st Aug. 1774. He studied many other gases or varieties of 
air, and isolated ammonia and nitrous oxide. 
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[Dictionary of National Mioaraphy. Ilutory of Chemistry. 
Tlio«. Thomson. Vol. ii., 1831.] , 

Jaoiji'es Tn^NAitn (Baron Tlu'-nard) was ^born on 
•1th May 1777, at No'^ont-sur-Sciiio, in Champjigne. The son 
of a poor farmer who, howovor, contrived to gUVe him a liberal 
education, ho was sent to Paris at tlio ago of sixteen to study 
pharmacy. Uoro ho studied un,dor Vauquelin at the C'olU'ge 
do Franco, and afterwards obtained an appointment at the 
hcolo l\>lytGclinir|uo, whore in a few years ho became Professor. 
!Io was associated with (lay-Lussac in many clieinical re- 
searchoH. His most important discovery wa.s peroxide of 
hydrogen. His name is associated with a blue colour con¬ 
taining colialt. 

rhmard, after tlio Hovolution of 1830, was called to the 
House of Peers with the title of Baron. Hi'died 'Jlst .luno ISoT. 

[Obituary, Qnarf. Jonin. if the Ckem. Sur., vol. ii. p. 182 

(iHr,9).| 

Weill.Kit, horn 31st July ISIX). Ho ontered tlio 
I'liivoraity of Marburg, but afterwards removed to Heidollierg, 
where he worked under tho direction of Gmelin. After taking 
his degree in imxlioino ho proceeded to Stockholm with the 
object of working in Berzelius’ laboratory. His earliest 
investigations were occupied with cyanic acid, and in 1828, not 
long after his return to Hermany, ho announced his discovery 
of tho artificial production of urea. In 1826 ho was appointed 
to teach chemistry in the New Ti-ad© School in Berlin. In 
1827 he isolated aluminimii. About this time ho became 
aojuainted with Liebig and conducted many researches jointly 
with him, notably tho study of essential oil of almonds referred 
to in the toxt.‘ In 1831 Wohler was transferred to the Trade 
School at Cassel, and in 1835 he succoeddd Stromeyer as 
Professor of Chemistry in tho University of Gottingeif. Here, 
after a research on uric acid carried on in association with 
Liebig, he turned chiefly to inorganic chemistry, if which de- 


* Their letters have been collected into two volumes by Smilic 
Wohler and A W. Hofmann. Brunswick, 1888. 
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partment ho made many discoveries He published 236 papers 
in his own name in addition to many others in which he was 
associated'with Buff, Liebig, Deville, and other chemists. 

He died 23rd Soft. I8K2. 

[ObituaVy, Journ. Ulum. Soc., vol. xliii. p. 2r)H (1883).] 



[CHAP. 


(;HAPTKit r 

MATTKI! ANt) ENEHliV 

It hiis ali'eiiily lieun pointed out in the Introduction 
that ('.hoinicid changes are attended hy transmuta¬ 
tions in the form of matter, Imt never by any gain or 
los-s in its amonni,. The doctrine of the conservation 
of matter teaches that ponderable things are itidc- 
strnetihlo, ami that, the amount of matter in the 
imivcrso, so far as its conditions are yet known, 
is absolutely constant and invariable. Without this 
funilamental postulate no .system of chemistry could 
exist, nor indeed could the pro.sent order of things 
endure. This was practically acknowledged so soon 
as the minds and the writings of chemi.st8 were freed 
from the inllncnce of the old theory of phlogiston, 
and hence wo may say that it was adopted from the 
time when Lavoisier's explanation of combustion was 
accepted. * 

A second equally important principle is, h'owover, 
nocos-sary, though its full recognition was delayed for 
another half-century. This is the doctrme which 
affirms the iiidealmctihility of energy; but it required 

for its establishment the thought, observation, and 
a 



I] joule’s w|)rk tj 

experiment of many genera#ions of men. Newton 
had, no doubt, clear’view# of his own upon the sub¬ 
ject, and these fcceived oxpre.ssion in liis .statement 
of tlu) laws of motion; but the experimental work of 
Kumford and* Davy upon the production of heat by 
friction, were required to i)rovo that such a form of 
o?iorgy lus heat i.s not matter, a.s had liccn previously 
supjX).sod. Measurements of the (orrolation of heat 
and mechanical work were not made till forty years 
later, chieHy by Dr. James Prescott Joule, of Man¬ 
chester. If the determination of the lirst proci.se 
quantitative relations bo regarded as the licst foun¬ 
dation of exact knowledge, and if, as we now believe, 
this kind of knowleilge is c.sscntial to the formation 
of correct ideas concerning chemical c]iangc.s, then 
the name of Joide dc.scrvc.s to bo ranked along 
with tho.se of Poylo, Lavoisier, and Dalton, who 
have .successively, at dill'crent times, by different 
writers, and for different reasons, been invested 
with the title of Father or Founder of modern' 
chemistry. Since the recognition of the funda¬ 
mental idea that all chemical change.s involve 
redistribution but no destruction of energy as well 
as of matter, and that the same matter associated 
with different amounts of energy a-ssumes very 
differoift a.s])eets and propertie.s, the progrc.s.s of 
chemistry has been more rapid than in any pre¬ 
vious period. 

It is, however, time that some explanation should 
1^ offered as to the modem use of the word energy, 
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and its application int connection with chemistry as 
well as other departments pf physical science. When 
hydrogen combines with oxygen in ,duo proportions 
the solo material product is water; but another and 
very significant effect is produced during tho act 
of combination, and that is tbe evolution of heat. 
This heal is communicated to the water formed and 
to tho walls of the tube or other ve.s.sol in which 
tho gases are brought together, and it is thus soon 
diasipatc<l. Rut tho amount of heat thus produced 
can bo measured, and this is usually done by obser¬ 
vation of tbe rise of temperature in a given (piantity 
of water into which the heat is conveyed, or what 
comes to the sjuno thing, the determination of tbe 
amount of water, tbe temperature of which is raised 
one degree from zero. That amount of beat which 
will raise tho temperature of I part by weight of 
water 1 degree is spoken of as 1 caloric or 1 mut 
of heat. Tbe same result can be attained by observ¬ 
ing other thermal effocts. as, for example, by noting 
tho amount of ice melted. 

Now when 1 part by weight, say I gram' of 
hydrogen, is burned in oxygen, and tbe water formed 
is collected in tho liquid state, the amount of heat 
evolved is siifHcienl to rai.so the temperature of about 
34,000 grams of water 1°, or, in other words, 34,000 
calorics or units of heat are evolved. This includes 
a certain rpiantity of heal, about .5500 liniUs, which 


* ThroiiKtiotit the book weights and measures of the metric 
system and degrees of the Centigmde scale will be used. 
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is given out in the change of fie water from the state 
of vapour, in which it is farmed, to the state of liquid, 
in which it is sollected. The amount of heat pro¬ 
duced in this way is constant for unit weight of 
either hydrogsn or oxygen, and whether combination 
takes place quickly, hy exploding a mixture of the 
two gases in a strong vessel, or slowly hy burning one 
of the gases at a jet in an atmosphere of I lie other, or 
hy bringing them together in the presence of sixmgy 
platinum which makes them combine, the amount of 
heat given out is always ;U,000 calories per gram of 
hydrogen. From this we learn that when hydrogen 
eomhiucs with oxygen a doHnite quantity of some¬ 
thing is lost by the elements, and pa.sses out of them 
in the form of heat: this something is called energy. 
The water which has been fortned may be made to 
yield up the hydrogen and o.xygen which have com¬ 
bined for its formatioti, but this can oidy bo brought 
about on condition that that energy is restored to the 
two elements. This result may be reached in several 
ways, as hy the action of a high Icmpcrattirc, or by 
the use of an electric current, or itidircctly by the 
use of chemical agents. 

If a penny is rubbed hard itpon a board it beeomes 
heated, and it^is said that by hamincritig a piece of 
cold iron a skilful blacksmith can make it even red 
hot. In both such ca.ses a .sense of fatigue in the 
arm is sodh felt, and there is a con.seiousne.s.s that 
■work hm been <l<me. If wo substitute for human 
effort the falling of a weight, .similar cfl'ccUs can be 
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produced; but just asVatigue puts an end to the work 
done by the arm, so the fall from a higher to a lower 
level corresponds to work performed, which cannot be 
ro(X!atcd with the same ma&s until it is lifted up to its 
original height. The power of doingnvork, called in 
physical science energy, is capable of measurement, 
and may take many different forms. For example, 
the arm whose muscular strength may he used to 
heat a mass of metal hy hammering or hy rubbing, 
may be otherwise employed to turn the handle of a 
machine hy which a coil of coi)i)Cr wire is made to 
rotate in the field of a magnet, and thus aii olootric 
current may he iiroduced in the wire. The current 
Hows so long as the work is being done, and it 
ceases immediately upon the cessation of the motion. 
Further, it is a familiar fact that when a current 
of electricity Hows through an imperfect conductor 
oloctricily di.sappears, and the conductor becomes 
heated. An example of this is .scon in the com¬ 
mon incaiidcsceul electric lamp, in which a thread 
of enrhon or of metal is heated till it gives out a 
brilliant light. 

(Ihsorvalions of such a kind mmst, however, bo 
supplemonted by measurements of the amount of 
heat or of oleclrieity produced when.a given amount 
of work is done. The problem is to find a' suitable 
unit of work, and this i.s provided by gravitation. 
The question is, first, what amount of work must be 
done in onler to produce heat enough to raise the 
temperature of unit mass of water one degree? and 
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secondly, supposing tho water Itllowod to cool down 
again, and tho heat whicji passes from it niodo to 
do work, how rintch work will he done ^ Answers to 
these questions are supplied by the investigations 
niadoliy Joidia and pnlilishcd in IHUi and following 
years. 'I’he restdts which are considered most trust¬ 
worthy wore olitainorl hy tlie following process. Tho 
work done was the ile.scent of a mass of lead from a 
certain measured height to a lower level, and tho 
heat corresponding to this was gi'iierated hy causing 
this weight in its des(;ent to move a paddle working 
in a vessel containing a measured (piant ily of water, 
and iirovided with fixed projections within, .so as to 
prevent the water from heing whirled hodily round. 
The friction thus can.sed ga\e rise to he.at,, and so 
the temperature of the water was raised through a 
certain nnniher of degrees which could he deUirniined 
hy delicate thermometers immersed in tho water. 
Ity this means it was found, a.s the moan n stdt of a 
numhor of successive conconlant experiments, that 
tho descent of a weight (d’ 424 grams through a dis¬ 
tance of 1 metre, or I gram falling 424 metres, gene¬ 
rates heat enough to ndse the temperature (jf 1 gram 
of water 1° C. The same facts may ho expressed 
in English woigljfs and measures, hy saying that the 
fall of 776 lbs. through 1 foot, or of 1 Ih. through 
772 feet, gives a rise of 1^ Fahr. in 1 Ih. of water. 
The numl)ci%, 424 gram-metres or 772 foot-pounds, 
according to the .system cho.sen, represent tho 
vuxhanical fquivakut of heat, and are often spoken 

0 



34 THK PKOOKESS (f SCIENTIFIC CHEMISTRY [CHAP. 

of as Joule's equivaliiit, and represented for mathe¬ 
matical purposes by the letter J.' 

Other methods have been used, both by Joule and 
others .since his lime, such for example as the 
mcasiircmonl of the heal generatcil "by tho friction 
of two metallic surfaces upon each other under deter¬ 
mined conditions, and with approximately the same 
result. 

Bearing in mind, then, that a definite quantitative 
relation is now established between mechanical work 
performed and beat generated when the work is all 
expembal in friction, and that the .same relation can 
be traced wbether tbe work is transformed directly 
into beat, or is first made lo gemralo an electric 
currimt, wbic’b is afterwards ccHiverted into heat, it is 
obvious that heat is not a substance but ii niecbauir-al 
cll'ect, and, as now universally believed, the cffeel of 
vibratory or oibcr motion in the particles of tho 
heated body. Wo m.-iy now return to the question 
involved in tbe phenomena of ebcmical combination 
and decomposition. 

* Tho valiio Ilf tlio inocliamoiil ctjuualoiil piveu in the toxtapplies 
lo tho sliort tanjFo uf toinpoiaturo, which was, of cour«e, noav to 
cotinnon nir tomporaliinn, «•l«plov^‘ll in tlie exporiments. The 
Bpeciflc heat of wjUer inen nses as the teiiipomtiire is raised, and 
tho value for hii'liei f«'mp»,•ratu^c^ wtnild therefore be greater. Pro- 
foi»hor Osborne Uevnolds has made an elaborate seriee of exjferi- 
mente, in which the work done in raising tbe teiriporature of water 
from frcoiing to boding point has been doterndned. The mean 
value deducoii from those c.xpi'riments for this ratige of tempera¬ 
ture is about 777, and this corresponds to a value slightly higher o 
tlian .Toole’*, namely, 773'7 for T Fahr..at 00° V&hr.—PftU. Train., 
1897, A. 

c 





I] ENERGY OF ELEMENTS 

It U dear, troiu what has airlady been said, that an 
elemont usually differs frojii a conipund not only in 
oontJiining only one form of matter, hut in having a 
]K)wi'r ofsloing work; that is, a store of energy which 
is more or lc.ss'dissi[)iiteil anil lost, when the element 
enters into a slate of chemical conihination.' The 
]irocess of separating an element or other suhstanee 
from a eompoimd in which it is held h\ ehemieid 
affinity is comparahlc with the operation of raising a 
weight In each case work has to ho expendod from 
some soiirec—human, animal, or mechanical power, 
the falling of water, (he preasuro of the wind, the 
rising of the late, the heat of the, sun. or the chemi¬ 
cal jiroi'css involved in the hnrning of coal, lienee, 
to revert to the c.i.sc of water, which is formed 
when hvdiogen and oxygen imite together, it must 
now he ohvioiis that, to separate the miilod hy¬ 
drogen and oxygen, work nm.st ho done eipiivaleiit 
at least to the heal generated in the act of comhi- 
iiution. 

An element, then, is matter eomhitiod with poten¬ 
tial energy.® This energy hy appropriate means 

‘ This is, o( Course, not true in thoKC, not mie, hut much Ichb 
frequent caA«s in which endothermic’'cuii)|>oiinilH, such as cariion 
bisulphide, are forced, the production of which is attended hy 
absorpiion4>f heal, and their decomposition therefore by evolution 
of boat. 

• I.dvoisicr in hi.s famous TrniU HhnrnUtirc dc VkimU {17>i9) 
represented ok)' gen gas as made up of the matter of oxygen coni' 
bined with rofortc. the hypothetical cause of beat. This view of 
the function of “caloric’' is very similar to the onxlern doctrine 
of energy, but was awaiting quantitative expression. 
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may bo allowed to rut down, either all at once or by 
stages, as for example in, the case of sulphur, the 
burning of which in oxygon may bo arranged to 
produce sulphur dioxide, SOj, or .sulphur* trioxide, 
SO3. An element which has been separated from 
chemical combinatiou with other elements may, 
however, in some ca,sos ho compelled to take up an 
additional store of energy. This change ni.ay often 
be accomplished by the application of heat. The 
product is s|)okcu of as an “allotropic” modifica¬ 
tion, or sim|)ly a.s an (lUoImpc of the element. If 
.snljdiur, lor example, is melted, and the resulting 
litpiid rai.sed only a few degreo.s above the melting 
point of common snlphnr, a new snlistance is formed 
which crystdlises in rhomhii’ prisms, having a dif¬ 
ferent form and a dilVercnt density from common 
snlphnr, the crystals of which arc rhornlmt o(aa- 
ho<lron.s. Or by he.ating the licpicficd sulphur still 
further, it may be ohtnned in the form of a pl.astic 
mass wholly devoid of crystilline .structure. But 
both these modifications revert in time to the 
common kind, and the change is attended by evolu¬ 
tion of heat. Similarly, red phosphorus may bo got 
from common white phosphorus by heat, ozone from 
oxygon by electricity, graphite or tlip diamond from 
common charcoal, by dis.solving it at a high* tempera¬ 
ture in melted iron, and allowing it to crystallifio 
under pressure when cooling. In all these cases the 
same matter is concerned, but difteront amounts of 
energy are bound up with it, and dill'erent amounts 
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of heat arc therefore gencralrat when equal quan¬ 
tities of the various alloftopes of any one clement 
enter into chemical combination. Thus, 1 gram of 
each «f llie three chief varietio.s of carbon burnt com¬ 
pletely in oxygen give the following amounts of heat 
cxprcssitil in ordinary units: 

Diiiitioiid . . 7770 

7797 

(Jrnihito (from iron) . . 7702 

\V<»o(l-<'hiirooal ...... 8 oko 

Tho pos'iiliility oi‘ (lu‘ l■onY^•rsi()u of one elomoi»t 
into iinotljcr, as, for example, (he transmutation of 
silver into ^^ol<l, is a (jue.stion which even in tbeso 
(lays, so remote from alelmmif'ul limes, has not been 
entirely set a.side. Hut althou^^h (In; idi-a that the 
elements may have liad a common origin, or may 
contain common con.stituents, may l>e admitted as 
worthy of discussion, evidence of a direct kind for 
either of these propfhsitions is absohitelv wanting. 
Such con.siderations as have been brought into the 
discussion have; Ik'Oii derived cliictly from a com¬ 
parison of tlio atomic weiglits, or from changes 
supj)osed to have been observed among the “radio¬ 
active” elements, which will form the subject of 
later chapters.^ 

The combination of hydrogen with oxygon is 
attended, n-s already stated, by the formation of a 
definite amount of water and the evolution of a 
definite amount of heat. The determination of the 
qmntity of heat thas disengaged has occupied at 
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different poriotls niaiy of the most distinguished 
chemists, from the time of Lavoisier onwards. Tho 
experiments of fAivoisior wore made with tho ice 
calorimeter, and suhscqiiunt determinations,‘in .which 
tho heal of union wa.s communicated to water, wore 
made by Dulong, by Kavre and Silbcrinann, and by 
Andrews. The exaininalion of other ca.scs of com¬ 
bination have led to tho e.stabli.shment of the imjior- 
tant j'oncral principle, that every chemical change, 
whether of combination or decomposition, is accom¬ 
panied by the evolution of a delinito amount of heat, 
which is tho .sanio as saying that a delinito amount 
of energy, previously existent in tho IxKlies concerned, 
becomes di.ssi])aled. 'I'bis is the first principle of 
that department of .scieiuio which is called " thermo¬ 
chemistry.'’ 

One of the first serious workers in this field was 
Profos.sor Thomas Andrews of Belfast, and ihongh 
later experimenters have improved upon his methods 
and results, his name dc.scrvos to be remcmbertsl as 
a pioneer in this ditticult department of experimental 
inquiry. One of the most important series of experi¬ 
ments carried out by Andrews relates to the heat 
developed during the combination of acids and bases 
in aqueous solution.' From these c'xperiments he 
drew tho conclusion that tho heat developed during 
the union of acids and bases is determined by the 
base and not by the acid. In this he was mistaken, 

* Tran$. R. Irish Acadan^, 1841; reprinted in the volume of his 
colleoietl ikietUidc Papen. 
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for it appears that the heat pr(i(lueoJ by the neutrali¬ 
sation of an acid by a has® is an ett'oot to which both 
contribute, though in proportions which depend upon 
their y,h6nucid nature, as will be explained later (Chap. 
VIII). Olio of his general laws,' which stales that 
“an oipiivalent of the same ba,so combined with dif¬ 
ferent acids produces nfurbj the s.niie (piantily of 
heat," has been confirmed by later rc,searches, and lias 
been explained by a liypol.liesis, of which an account 
will be given in a later cbapler. Andrews also niiule 
delerniiiialinns of the heal pnabiccd in other chemi¬ 
cal changes, including the .'1111011111 of lientdi.seiigagod 
during the eombinalion of various substances with 
oxygen and with chlorine. 

About the same lime iherino-clieiuical rescarchos 
of considerable iinportanee were being carried on by 
the Uu.saiaii chemi.st Hermann Hess, As the result 
of his ex])erinicnta on the neutralisation of acids 
diluted with different proportions of water, he was leil 
to the enunciation of the priiicijile that the .sum of 
the several amounts of heat evolved during the sne- 
ccasive stages of a process arc the same in whatever 
order they follow one another; in other word.s, the 
effect is dependent on the relation of the final to the 
initial state otithc .system, and not n|)on the inter¬ 
mediate" .stage.s. On neutralising an aqueous solution 
of ammonia with sulphuric acid containing one, two, 
three, and six proportions of water there is a different 


* Rriiuk A$to^itum Jtcfmrt /or 184ft, p l*ft. 
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development of heat Ai each case; but by adding to 
the results found by experiment in the last three 
cases the quantity of boat evolved when the mono- 
hydrated acid combines with one, two, and 'fivp pro¬ 
portions of water, nearly the snnio value is obtained 
in each case. Andrews thought this principle correct 
but .self-evident. It is, however, of siieh importance 
that its oxp(!rinienl,id verification was very desirable, 
liy the application of this principle it is po.ssiblc to 
ealeulate thornial changes wbieh arc not capable of 
direct experimental deterinination. The boat evolved 
by the lirrniation of carbon inoiioxidi', for example, 
cannot be a.s(a!rt4Un(al by burning carbon in oxygen ; 
but by observing the heat evolvisl in t-bo production 
of carbon dioxide, and then determining the beat 
produced by the cond)Ustion of carbon monoxide 
itself, the ditrcrence between the two affords the 
number reipiircd. One part by weight of carbon 
burnt to carbon dioxide gas gives 77!)7 units of heat, 
but part.s of carbon monoxide gas, which con¬ 
tains the Siimc rpiantity of carbon, gives .')()07 units. 
Now, if the amount of heat, given out when the first 
atom of oxygen unites with tho carbon wore the same 
as that pixalnced by the .second atom, the total amount 
of hoal evolved when carbon burus into carbon 
dioxide would be .')li07 x2, or 11,214 units. But tho 
actual amount olxserved is only 7797 units; the union 
of tho first atom of o.xygon forming carbon monoxide 
is attended by the evolution of 2190 units; the 
difference, 3417, therefore must represent the heft 
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rendered latent when solid carbon is converted into 
the gaseous oxide. • 

Nearly all chemical changes are associated in a 
similur way with physical changes, and hence in the 
great majority of (.‘asc.s iho int('rpn‘lali(>n of the 
resnlts is cnenmhered with serious difficnltic.s. This 
is the ca.so even when all the prodncl.s remain in the 
■same state, gaseous, or liipiitl, or solid, as the muterial.s 
employed, for there is nsiially a .separation as well as 
a combination of atoms oven in cases which apjwar 
most sim|)le. The union of hydrogen with oxygen, 
for example, is not merely 

ll.+()=^H,() 

but 

2H,+0,, 

Irom whiidi it appears that the oxygen nioloeido is 
divided in this proce.ss into two p.irl.s. 

Since the days of Favre anil Silbermann, of 
Andrews and of Hess, the problems pre.sented by 
the thermal changes which accoinpany chemical 
changes have been .studied in great detail by Pro- 
fo.s.sor Julius Thom,sen in Copenhagen, and later by 
Profeasor lierthelot in Pari.s. 

Thomsen’s first memoir appeared in IH.Vi, and 
from that dat# down to the time when, more than 
thirty years later, he completed his great work in 
four volumes, Thmnochfminche Vnkrmdmmjen, the 
author pursued without interruption thc.s 3 'stomatic in¬ 
vestigation of which he had laid down the plan so long 
ago. In this work the phenomena of ncutrali.sation 
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are first investigated, Ihe succeeding volumes being 
devoted to tho determinatien of the heats of forma¬ 
tion of tho more important oxido.s, cHoride.s, hydrides 
of tho non-motal.s, and tlien of tho metals, thh opnsti- 
tiition of aqnooiis .solutions, the heats of combustion 
of organic compounds, and tho thermal phenomena 
attending isomeric chang(!; in fact, a body of data 
is provided wliicli relates to all kinds of chemical 
changes, and is available for tho n.so of theory in 
every department of the .sulijcct 

Ifertholot tells ns in the preface to Ids hook 
that it was in IH()4 he began to study tliermo- 
chomistry. In 187!) ho brought out his treatise 
entitled /I'.wtt dc ('Iiimi(iui’ fouiUe unr 

III, Tlimnorhimii'. This work embodies the chief 
results of all his re.scarchcs on the snlijoet which 
had boon from time to time communicated to tho 
Annnlm ih’ Vliimif, <•! de 1‘liyniijHi’, where they 
occupy more than two ihou.sand p.’iges. Tho author 
■sets forth in his introduction the three proposi¬ 
tions which he regards as fundamental. Tho first 
of those states that tho heal disengaged in any 
reaction is a measure of the chemical and physical 
work accomplished in that reaction. The .second 
affirms tho depoiulcnco of tho thermaj changfc upon 
tho relation of the final to tho initial stat6 of the 
system; it is in fact tho principle established by 
Hess, as alrwwly o.\plaincd. Tho third proposition 
was introduced by Bcrthclot himself, under the title 
of tho “ Principle of Maximum Work.” This it wjll 
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bo well to state as nearly as possible in the words of 
the author himself, inasRuich as it has been the 
subject of very Severe criticism. 

"Eyery chemical change aecomplishal without 
the aid of external encigy tend.s towards the |)ro- 
iluction of that laxly or system of laalies which gives 
out the greatest amount of beat.' As a corollary 
from this, he adds that “every I'bemical reaction 
which can bo accomplished without the a.ssisfance 
of preliminary work, or of energy external to the 
.system of bodies concerned, proceeds necessarily if it 
is attended by evolution of heat."' 

Hero is a doctrine at first sight attraiiive in no 
orilinary degree, ami which, if e.stiihli.shed, would 
appear to account for much that woidd he otherwise 
obscure. But unfortunately it is exprcssial in terms 
which arc far too general, and is manifestly in op|x)- 
sition to well-recognised facts. In the first place, 
■'endothermic" com|)ound.s are sometimes formed 
.spontaneously, and in most cases of combination 
which is attended by evolution of heal the process 
is retarded and ultimately stopped, unless the heat 
generated by the union of the first portions of sub- 
.shince is conducted away out of the .system. Am- 

‘ “ Tout changefhent chimiqae accompli nans I'infcrvcntion fl’um! 
ciicrgic vtrang^rti tend ver» la production dii c.(ir|)8 <>u du Hysleme 
de corps qui dt^age le plus de cbalcor." And an a corollary from 
this, " toute : action chimique susceptible d etri- accomplie sans le 
concoors d’un travail prdlinn’nairfl et en dehors fie I'int^rvention 
d'oQe fSnergie utraog^re h celle des corps presents dans le systime, 
M prodait n^ccasairement, si elle d^gage de la cbaleur." — Emi, 
vit L, iDtroduction, xxlx. 
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monia and hydrogen chloride, for example, unite at 
common tcmjicraturcs to •form solid Sfd-ammoniac, 
and in this process heat is evolved. The consequence 
is that until the whole is allowed to cool liolow the 
tomiieratiiro at which it is known that .sal-ammoniac 
is re.solved into thc.so two gases, a portion of the 
materials remain separate, not,withstanding that their 
union would he attended hy evolution of heat. The 
same kind ot thing is true of all roversihlo reactions, 
that is, all chemical coinhinalions which are pre¬ 
vented hy rise of lomperatnre and promoted hy fall 
of temperature. 

Nevertheless llcrthelot’s principle, if applied with 
duo limitation, does scimi to accord with a nnmher 
ot lamiliar facts. The displacement, for example, of 
iodine hy hromino, and of hronnne hy chlorine, in the 
comhinations of these elements with hydrogen and 
the metals, and their apparent order of affinity in such 
compounds, is in aceordaniio with the thermal rela¬ 
tions ol these elements, lus shown by the following 
statement ol the heat produced hy the condiination of 
hyilrogen with e(piivalont quantities of each of them: 


Konmila.wt.iiilit.'t in Ciiloricg. 

H + t;i + 4H.jO jrtvo 393-20 

H+Br + tHjO „ , 28.380 

H + 1 +tHjO „ I3I70 


Similar relations may bo noticed among Jihe metals. 
In such a series its iron, copper, silver, mercury, for 
example, whore the apparent affinities for chlorine or 
oxygen are manifested in the order in which they 
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are written, on the one hand by the displacement by 
each one of those winch Hollow it in the list, and on 
the other by the heat of formation of their sidts, 
which stands in the same succession. 

The chief object of (piantitalivc thcrmo-chomicid 
investigation is, according to ,Julius Thomsen,' the 
establishment of dynamical laws rel.iliiig to chemical 
pro<'os.ses; hut how little progress low.inis this ohjci't 
has been at present accomplished is manifest from 
the brief sketch which alone it is possildc to give 
in these jiages. Notliwilhstanding the labours of half 
a century, thermo-chemistry remains for the most 
part a mass of ox|icrimental resiill.s, which still await 
interpretation. For, apart from the a.ssislance which 
such results all’ord towards the estalilishment of the 
doctrine of the conservation of energy, it is plain that 
sucees.sive attempts at generalisation have been nirsnc- 
cessful when considered in a strictly scientilie sen.se. 

One direction, indeed, in which the relation of 
heat to chemical allinity has boon studied with 
much advantage, is in the examination of tho,so 
rcvorsihle chemical changes which are commonly 
brought about by change of temperature. The term 
di-wcirtfion," was introduced by Sainte-('laire llovillc, 
in 1K57, to designate decompositions of this kind, 
and, though it w.as but slowly accepted by the 
chemical world, it has now become llrnily embedded 
in the language of science. 

‘ Thtrm. i'nUr$iichungfn, voJ. i. 3. 

* ‘‘ De la diMociahon ou dcVoraiiOHitiori fujontaiu-e fle'» corjiH ious 
I'iliftucnce de la cbaleur.”—/Jend,, 45, H57. 
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So long ago as 1846 it was diseovored by Grove * 
that water is decomposed jnto a mixture of oxygen 
and hydrogen by contact with iptensely heated 
platinum. The experiment was aftorward.s •repeated 
by Dovillo, who found that decomposition begins at 
a temperature of to 1000°, but that it proceeds 
to only a limited extent. If, liowever, any means 
be taken to separate the resulting gases from each 
other, the decomposition may bo carried much fur¬ 
ther. llegnault found, for example, that steam passed 
over melted silver is decom])o.scd more freely, ap¬ 
parently beeau.se the oxygon is alworbcd by the 
melted silver, wbicb gives it off again on .solidifying, 
'riiese efl'eels are not due to any chemical action 
on the pirt of the melal, but are the result of the 
high tem|H!ratun^ to wbi<di the vap(jur is expo.sed. 
Hydrogen and oxygen eoudiine togutlier completely 
at lower temperalures. Ite.sull.s .so remarkable as 
these did not attract the attention they deserved 
till some years later, when the systematic study of 
vapour-densities led to the discovery that a largo 
number of familiar compounds, commoidy reputed 
sUtblo, arc deeomp«).sible at various temperatures in 
a similar manner. In each ease the products ol 
dissociation reunite on cooling, protlucing the original 
compound. Sulphurio acid, for example, converted 
into vapour is no longer sulphuric acid, but a mix¬ 
ture of vapours of water and sulphur trioxide, which 
on cooling reunite. By conducting the operation in 
* Phil. fmni. Bakerian Lecture for 1846. 
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a flask with a long neck through which air may be 
made to pass, the water .vapour, being the lighter 
of the two, difftiscs away more rapidly, leaving a 
prcimndorant quantity of sulphur trioxidc behind, 
wliich! if the process is ooiitiuued long ouough, 
erysUdlisos from the residue when allowed to cool.' 
In a similar maimer it has been ^hown that sal- 
ammoniac when vaporised yields ,i mixture of am¬ 
monia and hydrogen chloride; that phosphoric 
chloride is split, u|) into phos|)horous chloride and 
chlorine; that ammonium carbonate is resolved into 
aimnonia, water, and carbon dioxide. Iti all the.se and 
iiianv other ca.ses the dis.sociation proceeds gradually 
as the teinpenitiire is rai.scd, till it becomes complete 
at a temperature wbich is ])i'culiar to each ca.se; it 
is promoted bv reduction of pressure, and dimini.shed 
hv increase of pre.ssure, or what is practically the 
.same thing, by hi'ating ill an atmosphere ciin.sisting 
of one of the products of di.ssoci.ition. 

I’revioiisly to the di.seovery of lhe.so facts, intich 
perplexity had been caitsed by the observation that 
the vapour-density of substances such as siilphtiric 
acid and aimiioniiiin chloride was only about onc- 
half of what was ex|K'cted. This was certainly one 
reason for the Urdy adoption of Avogadro's principle 
in settling nioleotilar weights, (See (diap. 111.) 

A history of the progrc.ss of thermo-cheinistry, 
though pri?tes,scdly brief, would lie in some danger 
of convoying an erroneous impression if a jmsing 
' Wanklyn and Uobioson. /’rw Roy. Roc., 12, 507 (IsfiS). 
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reference were not made to the nature of the work 
undertaken by other chnmi.sts and physicists who 
have occupied themselves with the ^iubject. Among 
the rest, we owe to Marignac the determination of 
the specific heats of a number of saline solutions, 
and the thermal phenomena which ensue on diluting 
them (IHVO 7(i); to A, llorslmann a careful study 
of the progress of <lissocialiou of a numlier of com¬ 
pounds, such as hydrogen iodide, ammoiunm chloride, 
ammonium carbonate (180H-7H), to Alexander Nau- 
mann one of the earliest and most instructive syste¬ 
matic treatises on thermo-chemistry ((IruiulrL'ei dcr 
Tliermai'licinii', IHlii)); and lastly to l’rofe.s.sor J. 
Willard tlibbs, the application of the principles of 
thermo-<lynamics lo many thermo-chemical pro¬ 
blems. His name is princi|)ally associated, in con¬ 
nection with cliomislry, with the introduction of 
the " I’hase Hide," of which an account is given in 
most modern text-books. 


liUXiKAl'HICAh NOTES 

Thom.\s Anijhbws was born at Bolfast, 19th Doc. 1813. 
.After early otlncation in Belfast, he went to (Hasgow, to study 
chemistry under Thomas Thomson. Ho conti[Uio<l his studies 
in Trinity Colloj'u, Dublin, and after soinh time in Dumas’ 
laboratory in Paris. Ho pradnatoil M.D.at Kdinburjih in I83B. 
Uoturniu}' to Belfast, he at first practised medicine. In 1845 
the Queen’s Colleges were founded, and Andrews Was appointed 
Vice-President and Pmfossor of Phomistry in the Bolfast 
OoUego. Those oflices ho hold till 1879, when he retired. He 
died on the 5th Nov. 1885. 
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In nddition to the thermo chumical work nientiunod in tho 
text, And h)A discovery of the continuity of tho j^aseoiiB and 
liquid states of matter (Chap. 1^), Andrews condticted, jointly 
with Professor Tail, «>f Kdinhur^h, a research ott o/.one, in a hich 
tliey proved that oaone is an uDotropio uixl condensed form of 
oxv^-en f/'/it/. Tnnin., ISfKt). 

[Obituary, l‘l•oc. lloii. Soc., 0, II (IH»7) Memoir intro¬ 
ductory to Volume of collected by Professors 

'I'ail Aixl (’luin Urown. (Macmillan, IH-Sq.)] 

PiKHUK Kl't.ksK Mahcki.iin I'KKTiiki.or wjis tlio Son of a 
phyRioiiin, and was bom in Pans, iHb (>ct. IK27. After 
pasHint; biilliantly tlir-mob .i i-l.isaical s<ho..l career, lie studioil 
chomistiy in the laboratoty of iVlon/o, an<l paKsed the univer¬ 
sity exaniiiiatioiiH f..i |i. and P isS<iences. In IKril lie 
became lecture assistant to It.ilaid, tlie discoverer of bromine, 
Professor in the ' 'olli ^'o de France. Hei thelot s thesis on the 
synthoKiR of animal fats procured for liiiii his lioctoiate. Soon 
afterwards he hu^^aii Ins systematic work on tliu synlliesiH of 
or'^anic compounds, b'or some jc.us he hebl llm professtir- 
ship of cln-miHtiy at the FcIi; Sup-iiciiie do Pharmacie, 
but in iHOf) he was «all>d to .i special chan of oroaiiie 
chemistry m tho folh o,- dy Fiance, which ho occiipioil till iiis 
death. 

Ikrthelot, m ciuijmu-lioii with I'-an de St fJilU-s, was one 
of tho fust to slmly the mtciaclioii of alcolinls with acids, 
and shou'erl the establishment of a cunditioii of e<|Uihbi luni. 
Iterthuiot )K‘oan lo.searehcs in theriiio-ehcinistiy in iHtU, and 
the re.siilts aio umlio.licd in hi.s .I/wk/o'/io 'Vdi/rj'/x'-, publisherl 
ID lH7)h 

He published a few yir irs later his work on th-- cxpIosHui 
wave ill ^.isos In Ins le.seaiehcs ou synthesis he made fie- 
qiienl use of the silent elect)ic dischai;'*-, and in later years 
w'as ahlo t<» show the inlluencu of electricity on ve;;elation. 
lie was the hrst to point out that atmospheric nitrogen is 
fixed in the soil by bacteria 

Ho died m I’aris, IHth March 1007, and is lmric<l in the 
Pantheon. 

[" IJerthelot Memorial lifctnre,'' H. B. Dixon, -louni. ('hem. 
.<(v f>l>,23.")3(ltHI) 1 
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Etienne Henbi Sainte-Claire Deville was born 11th 
March 1818 at the island of St. Thomas, W.l. Educated in 
Paris, he ^jraduuted as D. os Sciences and M.D. His first 
appointment took him to tlio Faculty dt Besanyon in 1846. 
Hero ho discovorod nitric anhydride, N^O,,. In 1861 he was 
recalled to Paris as Krofossor in tlie Ecole Normalo, anM began 
researches on the platinum metals and on the production of 
aluminium on the large scale by Wohhu’s process. His most 
important work was deveded to the study of vapour densities, 
and resulted in tlm discovery and explanation of tlie plieim- 
nienu of dissociation. 

He died Ist duly IKHI. 

[Poggemlorirs Iliiiiitirorlrtliiuh^ vols. ii, and lii. Hiography 
by II. Dobray. lirvnr. Sciadijique (k la France d lU VKtriuujer, 
3rdser.,:i, 1(IKH2).1 

I’lniiKK Louis Dui.osi:, lH)rn at Rouen, I2th Feb. 1785. 
Died at I'aris, IDth duly I8d8. Successively Professor of 
('henuHtry at the Faculty of Sciences, at the Normal School, 
and the Velennary Collugo at Alfort, then Piaifessor of 
i'hysics at the P<ilytochnic School, Paris. 

[IViggendortT’s llandwortcrlnuh.j 

PiEiiiii'; Antoine F.wkk, horn ’doth Kel». 1813. Piofossorat 
tliu Ecolo do Mt'alecinc, ami (3icf des Travanx de Chimie analy 
titjuo a I’Fcolo Contiale, I’.ivis. In 1861 transfeirod to tlio 
Cliair of Chemistry in tho Faculty of Sciences, Marseilles. 

iMcd at Marseilles, 17th Feb. 1S«0. 

[Poggendoiirs llnttiiicodtrlnich.] 

do.siAii WiM.Aitii (liinis was born at New Haven, t’oim., 
11th Feb. 1831), and died ‘istli April HM)3. After graduating 
and 8|Hmding a few years m New Haven, he came to Europe, 
and continued Ins studies in physios and mathematics in Paris, 
Berlin, ami Henlelberg, letuining to Ainorica in 1869. In 
duly 1871 ho was elected Professor of Mathematical Physics in 
Vale. 

[Obituary notice, I'roieeiiitujs of tho Royal Soemty, !9t)4.] 

William Robert (Jrove, born 1811, Barrister, and after¬ 
wards (1871) Judge of Court of Common Pleas ; knighted 
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1871; Privy Councillor, 1887. Ho was for #0010 time after 
1847 Professor of Experimental Philosophy at the London 
Institution. Ho invented the^;lrove nitric acid battery and 
the gad battery in and published (of I'hysictil 
Forces in 1W«), Huditnl ISIK). 

[MVfAoKirj/ Ilf Siiliooal Fioiiraphii.] 

(Jkumain Hkmiy (Hkumann) lM)rh at (Stmeva, 7th 

A lit do w:tH tcikon by Ihh |Miroiits in oaily cluldhond 

t«» Russia. Aft» r tiavollm;{ in Siberia, b<- bia'amo Rnifossor 
i*f Clu*niiKtry in tho rnivorsity of St. I’otoiHbiirf'. Dioii 
»Hb Nov l8:.o. 

(IVi^'I'ondorll’s HiDuliiuit'ihiuli ] 

.Ai (.1 -r Kiui i>iti< II H-'UsiMWN, Mol) riofwsKor of ’I'lioo- 
retii'Hl t'lioiiiisliy in tin- I’nivniMtv "f lliudidbor;^. 

.Iwil-s I’ltisMiir .ImiK. Ihhii at Salford, 21tll lh“C 1818. 
He Htudiod jilivMiMl scnuiro undrr Dalton at Mant-'licstor. 
He Hiiei'ueib-d Ins fatb« r as a brewer, but aftei niifbitluiies in 
biimtMis.s, ivi-d, in Im'H, a (.’ivil Liat {aniaion Me died at 
Sale, lltb (K t I''Hit 

‘[Obituary, .huirn. .S-r., .'iT, MU (18U'>) ) 

.Ikan Chahi.km fJ vi i.>.s\iii> ni-; .\fAUni\Ar was born at 
(■t'iie\a,*ilt}i \p)il lsi7 He studied in I'al i.s, an<l after a year's 
travel m the noitb of Kuro|H.*, entered liiebiy;'s lalnuatory at 
<iieKM-n Here he woiked on naphthalene ainl plilhalic aciil, 
his first and last essay in or^^aiiie eliennstiy. lb- liot'ainu Fro' 
fess4»r of t'beniistry in tho Acoilcniy at (o nevs, and subse¬ 
quently alsi> I’rofussorof Mineratoey 'riio Aeadeiny duvelo|H)d 
into tho I’nnorsity, an<! Man^nac i-anio into tHa-npation of 
a tine lalsiralory In 1878 the condition of Ins health oblipul 
him to lutire, and he ostablishe^l for hnnself a laboiatory in 
his own htiiise Hti died on l5th April 1804. 

Mari^'nac dotennined with ^reat accuracy the atomic woiyhls 
of a lar^H iimitlsT of olcinents. Ho devoted many years to 
tho invest ii'at .on of the earths of tho conto ^'roup, and dis- 
covcreil yttorbia. About 1870 Marignao proved the isomor- 
phiam of tho fluoxynioliatcs with the fluo-aalts of tin and 
tu^sten, and established the forrouUeof iiiobic (colurobic) and 
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tantalic pentoxidos. He also settled the formula) of silica 
and zirconia as dioxides, and discovered silico-tungstic and 
otlior complex acids. His woi-5c on the specific heats of solu¬ 
tions is referred to in tlio text. 

[“Marignac Memorial Lecture,” P. T. Cluvo, Chem. 

Nw., 07, 468(189r)).] . 

Ai.KXANnKK Nicolai s Fkanz Natmann. Since 1882 Pro¬ 
fessor of ('licinistry in tlio University of Tubingen. 

Isa \c Nkwton, born at Woolsthorpi*, 1042, died at Kensing¬ 
ton, and wa.s buried 2Hth March 1727 in Westminster Abbey. 

'Phe famous matliomatician and natural philosopher, Lucasian 
Professor at (•iimbihlgo, President of tile Royal Society. 
Knighted by Queen Anne, 1705. 

[IHdwnanj of National Ihoijrajihij.] 

Hknhi Victor Rkiinai lt was born at Aix-la-Chapello 
(Aachen), July 21, IHIU. Owing to the loss of his jiaients, he 
was not able to eoiiimunce his education till at the age of 
tvsenty he entcreil the I'xole PolytechniijUe. 

A few years latoi he liecamo joint-Professttr td Assaying at 
Lyons. His most impoitant chemical researches related to the 
halogen substitution deiivatives of ethylene and other relatives 
of the ethyl group, of which ho tliscovereil many, including 
carljon totia»-hlondo ami penddoiinatcd ether, (‘jUlmO. In 
l840 ho leturned ti> Pans, and in 1841 was electeil to tlio 
Chair of Physics at the College de France. 

Henceforth ho devoted himself to physics. Ho made a large 
niimbor of accurate dettuuiiinations of specific heat by the 
motluHl of mixture ; he invented tlm air thermometer, and 
carried out a long series of expeuinenls on tlie density and 
oxiuiiiHion of mercury, ami on the specific heat and vaiiour 
tension of water at various teinporatuies. He also redeter- 
minod the coefficient of expansion of air and other gases, 
and corrected the somewhat crude results obtained in the 
earlier experiments of Dalton and Hay-Lnssac. 

In 1854 ho henime direotor of the inircelain w »rks at Sevres, 
and devoted much time to the improvement of ceramic pro¬ 
cesses. tie died 10th Jan. 1H7H. 

[Obituary, T. H. Norton. Nalurt, Jan. 31, 1878.] 
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liKNJAUiN Thomix'S, iVunit KrMiniu>, born March 

l7o3, at Kninfonl (now (Vmwijjl), in New lliimpsliiro, Unitwl 
StatoH i)f Ainurioa. Ilo life as a sclioolnuidtor at Bradford 
( Mush.). Tho War IndopcndtMico breaking oiil, lio was inadeu 
Major of Mditia, but owiii};, apparent!}. t'> joaloiisy on tlic ptirt 
of his brother ollitvr»,ho wasdrivun to join llu* royalist trot)p8, 
and cHino to Kii^laiid in 177b. Hero hu reiid'-iud IniUM'lf uso* 
fill to tile Minibtiy, and received a coniniission as Bioutonant- 
('ojonel foi si'ivue III America. Hetuiniiu ao.nn to Kuj;liind, 
lie iiHH-uod pmiiiissioii to tr.i\el on tho ronlinoiit. In 1785 
ho ontored tlie service of tlio Kloctoi of Bav.iria, and for IiIh 
piildic seiaices rcivuod tlio title of Count. In 17!M> lie ro- 
turned to Kni'l.ind. and cni'a^ed in (be foundation of tho 
Koyal Institution m lioudon. the pnrjiose of which was to 
encour.ij'e the apphiMlion of science to all kimlH of iiKofui 
piiiposes. lie wiis instrumental in en^aeim; Thomas Young 
and llumplir} lti\y as the Inst piofessois bninfoid wa.s llio 
tirat to piove the .pi mtit.itive n ialion lictweeii heat uml 
iin<chanie.«| a oik 

Iteturning to the Continent, ho inairie.l, ni lso.''i, Madamu 
lia\oisier, widovs of the cheiiiisl, ami pureli.used a iioUMU at 
Auleiill, ttlieie lie died 2lst .\ueiis( I. 

[ M’ vuiii piiiilislied in connection with an miition of iim woikii, 
liy the .Ameiic.in Aciideim of Ails and ScienceH, ahout 1870. 
By K. Kills ] 

Johann Thmujau' Simikkmann, bom iHt Boc. IKOd. 
Employed at tbo Conscrv-itoiro des Aits et M.'tieiH, Paris, 
and at the Sorljonne. .AssiH'iateil with Kavre in thermo- 
chomical rosearclieH. Died in P.iris, July l^(iri. 

IPoggendoi If.s Ihiruln»iUibwh. ] 

Hans Pktkii Juiiokn .li i.iis Thomhkn was iH.rn in Copen- 
h^en, Kith Feb. While a very young man, ThomHon 

l)at«nte<j a procesH for obtaining alnmiiia and soda from 
cryolite, and this deAeloped into a maiiiifacturu of consider¬ 
able importance in Denmiirk and some other countries. But 
Thomsen will be remembered chiefly for his important thermo- 
chemical work, of which the results are embodied in his 
Thtmiochanuche Untersuchwii^m. In 1865 ho l>dcaine it teacher, 
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and a yoar lator Professttr of Chemistry in the University of 
Cu[H-nhugtin. He retired in and died on I3th Feb. 

1908. 

[“Thomsen Memorial Lecture,” T. K. 'Iliorpo, Journ. Cliem. 
.Soc., 97, U)l (1910).] 
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cllAn’KK II 

THK (HKMU’VI. KI.KMKNTS; TIIEIU l*IS'n{llt{:T|()N IN 
N'ATCiu:, vMi nK('<M;\iTio\ i:\ nil: <’IIKMIst 

Thk won! “chinKiit.’’ iiparl, I'nun usa^^o, is 

now uinvorsally u?nlorst<i<)(l to mean a sul>slaiinc 
\\hi<li, tlioii^fli it may |ia‘<s iliroiioli many Iruns- 
tormaiions. i- always rc'-ovoral'lo nmliminislH'd in 
cjuaiililN I’nmi any ' hrmii'a! comltiiialion inlo which 
it mav cnlt r. and is not hy any known means r(!- 
s(d\ahl(.‘ int<» two or more «listiiiel kimls of malLor.’ 
Snljdinr, for oxamjde, n-ifarded as an element, 
notwitlisLandini" the allotropie ehan^ms which it 
nnderg‘Kis under tin' influence of lieat, hecaiiscs from 
sulphur in any <*f its kmiwu forms no(hinj( can ho 
ah.straeted wirn-h is not sulpliur, in other wonls, it 
is homo^oaieons, and consists in its most minute 
parts of one kiml of suhstaiiee. On the otlier hand, 
water and iron rust are regarded :ls comjiouinls he- 
cause in pro|K>rlhni as, hy suitahic means, eitlier of 
them is dastrdyed tw«» kinds (>f new matter make 
their appearance, and the united weights of the 
products of " decomposition ” arc equal to the weight 

* ThiK d«‘ftnition, though valid tor all the ordinary ftlemcnn*. re¬ 
quires >ome modification in the caecH of the radio-active clcmcnU 
(Uia|i. X,. 

b!, 
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of llio "coiiipoiiiid” l>o(ly from which they are 
educed. Thesis idcius dat* from the time of Robert 
Hoyle. In hi.s “Scoplical (,'hynjist” (lOHO), he 
demonstrated the iiicon.sistcncies not oidV of the 
ancient Aristotelian doctriin; c)f l.he Koiir Klements, 
hut sliowed how little of foundation in fact and 
how much of imai'iuatiiui was to he found in the 
ahthemieal docirine of l.hc T)'i<i jiriiwi current in his 
day.' Hoyle not only in.sisted upon homogeneity 
as a eharactoristi(t of a true "clement,’' hnt rcfn.sed 
to admit any arguments hnt such as were based 
upon experiment. 

The materials of whii'h the earth and its in¬ 
habitants (sinsist are l■hietiy cotitpontid, btit they 
aro resolvable into a limited number of stibslances, 
regarded conventionally as elemetitary, beoattse 
they have tiover yet been decompontided. Of these 
several—o.xygeti, nitrogen, atid .some other gases - 
aro Ibtmd in the at-mosphere in the elementid fortn. 
The rest lu'cnr in projjortions which are very un- 
oqttal; .some as oxygen, silieoti, carbon, atid a fexv 
metal.s like ainminintn, iron, calcium, tnagtiosiutn, 
constitntitig iti their various combinations the stuff 
out of which tho greater part of the solid earth is 

‘ The t'OBiiilote lith* ot woik sufficiently explains its ob¬ 

ject: “The Sceptical Chymist: or Chciiiico-physical Doubts and 
l^aradoxes, touching the Experiments whereby vulgar Sjiagirists 
arc wont to endeavour to evince their Salt, Sulphur, and Mercury 
to be the true Principles of Things, to which are subjoined divers 
Experiments and Notes about the ProduciUtnos ofVhtnicai Prin- 
niJa." , 
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formed, while others, though very noceissiiry to the 
constitution of vegotiihle %)r iininiiil tissue, occur in 
much smiiller nmount, and others again are fomul 
only locally, or even in such minute quantity as to 
require special methods for their detection. 

Th(! recoguilion of now clemen(.ary suli.stauoos 
does not necessarily imply, as often popularly sup¬ 
posed, the isolation of tho element itself Khior- 
spar, for example, was known in the middle of the 
eighteenth (icntury to yield an acid analogous to 
mtiriatic acid (Seheelo), hut thi^ element fluorhio was 
not isolatiid till Moissaii .■innoimeod the results of his 
experiments in IKSti. .Similarly, alumina was known 
as a di.stinet earth in IT-lf I.Marggralf) lint the 
metal was not ohtained till IH2S (Wohler). 1’ola.sh, 
soda, lime, atid magtiesia were recognised and dis- 
tingtiished from one another long hefore their com¬ 
pound nature was even suspected, and ,so in many 
other cases. On the other hand, examples have been 
known of suhst-anecs which, produced hy methods 
calculated to aflord tho element, have lieen sujqiosed 
to ho simple, till long afterwards they have heen 
found to he compound. This was the case with tho 
metalloidal element titanium. A peculiar cry.stallino 
copper-colourt^l substance of metallic aspect, some¬ 
times found in tho bottom of bla.st-furnace.s in which 
iron is reduced, was for a long time supposed to be 
metallic, that is elemental, titanium, till it was 
discovered by Wohler to contain not only titanium, 
l|ut carbon and nitrogen. 
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An oquillly interesting case is that of vanadium, 
whicli liad been supposed, ^n the authority of Berze- 
liu.s, to he an element resemhlingi ohroinium, and 
yielding like that suhstanee an acidic trioxidg. In 
IH(i7, however, it wius shown hy Hoscoe' that the 
aubsUinco supposed hy Berzelius to he the metal wa.s 
either an oxide or a nitride according to the method 
of pre|iaration; in fact vanadium forms a pentoxide 
V./)j and helongs to the, phosphorus family of 
elements. 

In 1H87 lifty-lour eleinonts were known. In I Dili 
wo rccogidse upwards of eighty distinct suhslances 
helieved to he elementary, notwithstanding that a few 
of those have as y(!t hcen very imperfectly studied. 
From time to time miw dements arc annonm.'od, and 
while .some of these "come like .sharlows” and "so 
de|)art,'' there has heen a tolcr.ahly steady addition of 
a |)ormanontly established memher of the series on 
an average every three or four years. For these 
additions to our knowhalge science is mainly 
indebted on the one hand to the introduction of 
previously unknown methods of exiieriment, and 
on the other hanil to a closer attention to resi¬ 
dual'phenomena, previously neglected or inqxjrfectly 
.studied. As to the former, we neecl only refer to 
the application by Humphry Davy, in 1807, of the 
then recently discovered chemical effects of the 
electric current, by which he was led to the isola¬ 
tion of potassium and sodium; while the use of 
* PhiL Tran$., 1868. 
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these metals in their turn afforded the means of 
decomposinif compounds nf horon, silicon, and alu¬ 
minium with liberation of those elemeiiLs. 

In recent times the most fertile method of dis¬ 
covery of now elements has been tin; process called 
Spectrum Analysis. Tins was introduced as a 
definite method of exf)erimenl,al ini|uiry by Hunsen 
and Kirchlioff about fbo!), and in Ifunsen’s hands 
led at once to the rccoonilion of two previously 
unknown metals of the alkali I'roiip, to which he 
gave the names rubidium and cic.sium. This dis¬ 
covery was followed by Ibe isolation of tballiiim by 
t-'rookes in IKIil, of indium liy Ki'ich aiul Iticbter 
in 181)3, of gallium by l>e lioisb.iudrau in 1875, 
and of the oxide of an element called .scandium by 
Nilson in 187!). 

The .story of Newton’s l•^perimcnts mailc in 11175 
with the spectrum of the sun’s rays is almost too 
familiar to reipiire repetition. However, it is neces¬ 
sary to recall lbc.so experiments to mind in this 
place, becan.so they not oidy form the Isisis upon 
which all subsequent di.scoveries with the prism 
were made, but they show what very im|a)rtant 
results often ari.se from apparently slight modifica¬ 
tions in the iwode of operating, or in the form of 
apparatus. Newton gives the following account of 
his procedure;' “In a very dark chamber, at a 
round hole about one-third part of an inch hroad 
made in the shut of a window, I placed a glass 
i * NfWton’B OpUcki, Book I. 
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prism, wtioroliy this tieiim of tho sim’s light which 
came ill at that liole might ho refracted upwards 
towards llie opposite wall of tho clumiher, and there 
form a coloured image of the sun, . . . Tfii.s, image 
was ohloiig and not oval, hut terminated with two 
rectilinear and parallel sides and two semicircular 
ends. Oil its sidles it was hounded pretty distiuelly, 
hut oil its ends very eoiifu.scdly and iiidi.stiiielly, the 
light there decaying and vaiiishing hy degree.s. The 
hreadth of this image answered to the sun’s dia¬ 
meter, and was about two iiiehes and the eighth 
part of an inch, iiicluding the peiiumhra. For the 
image was eighteen feet and a half distant from 
the prism, and at this distance that hreadth, if 
diminishod hy the diameter of the hole in the 
wiiidow-.slint, that is hy a ipiarter of an inch, snh- 
tended an angle at the |)risni of about half a degree, 
which is tho sun’s apparent diameter, lint the 
length ol tho image was ahont ten inches and a 
(jnaiTer, and the length of tho roetilinear sides ahont 
eight inches, and the refracting angle of the piisin 
wherohy so great a length was mailo was 64". With 
a loss angle the length of the image was le.s.s, the 
hreadth remaining the .same. , . . Now, tho different 
magnitude of the hole in tho windojv-shiit and dif¬ 
ferent thickness of the prism where Ihe rays passed 
throiigli it, and ditforent inclinations of Jthe prism to 
tho horizon, made no sonsihio changes in the length 
of the imago. . . . 

“ This image or spectrum PT was coloured, hoicig 
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red at its least refracted end, T, and violet at its 
most refracted end, P, and,yellow, green, and bine in 
the intermediate spaces, which agrees with the lirst 
proposition, that lights which differ in colour do 
also differ in refrangibility.” 

Newton further [irovod that '‘whiteness, and all 
grey I'olonrs between white and black, may be 
cora|«)nndcd of colours," and that “all bomogencal 
light has its [iroper colour answering to its degree 
of refrangibility, and that colour cannot bo changed 
by rcHections or reli'actioiis.” 

This represents Ibe extent of knowkalge regard¬ 
ing the nature of sunlight which I'cmained for 
upwards of a centnry. What Newton saw in the 
spectrum upon the wall was a scries of images of 
the snn so close together that they overla|)pcd at 
their edges, forming a eonlinnons Ijand, having, as 
he savs, pandlcl sides and eivenlar emls. lint the 
several rays which in sunlight are blended so as to 
give to the eye the sense of whiteness are separated 
in passing through the [irisin, so that the images 
overlapjiing give to the eye the iinjiression of colour, 
those at the least refracted end being |airo red, and 
those at the most rcfraeleil end being pure violet, 
while the intermediate spaces are lilled by imper¬ 
fectly separatcif rays of different degrees of refrangi- 
hility. If, however, a very narrow slit is used for 
the admissifin of the light, and a lens is interjKiscd 
so as to throw a clear imago of the slit u])on the 
first face of the prism, which must be placed with 
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its edges parallel to the slit, a new phenomenon 
may be observed when swnlight is used, and that 
is the appearance of lino black lijies crossing the 
spectrum. Tho.se wore first seen by Wollaston in 
1802,* but were studied and mapped in 1814 by a 
German opti< ian at Munich, Fraunhofbr, and are 
generally known as Frauidiofcr’s lines. The physi¬ 
cal cause of these black lines will bo explained a 
little later; they arc .scon in the spcclrnm of sun¬ 
light and of reflected sunlight, such as that which 
roaches ns from the moon and the |)lanct3, but arc 
not seen in the light, derived from a heated solid, 
.such as the lime in an oxybydrogen lamp, or the 
carbon of .an cicictric lamp. It has, however, long 
been known that flame may bo cokaircd by putting 
into it various metals, salts, and other vaporisabic 
substance,s, and tbo light thus obtained, when seen 
through a prism, gives .se|iarato bright linos standing 
in the order of their relVangibilities, but separated 
by dark spaces. Some of the.so were described by 
Sir John llerscliel in 1822, and again by I’rofcssor 
W. A. Miller in 184.). It was not until 1,8.59, how¬ 
ever, that the position and colour of the lines seen 
in the spectra of metallic salts vaporised in a Hamo 
were employed .systematically for the recognition of 

* Wollaston {/'At/. Traits., lH02) used for admission of the liKht a 
crovlcc j'o inch broad. The beam was rccidved by eye close to 
the interposed prism, and four colours only were {lerceived, namely, 
rod, yellowish green, blue, and violet. Wollaston seems to have 
regarded the few dark lines he saw ms simply houncUiries of these 
rt^ions of colour. 
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such substances, and the foundation of the spectro¬ 
scopic method of analysis, was laid by Bunsen and 
Kirchhoff. The ^apparatus employed is in principle 
very simple. The light to be examined passes 
through a narrow slit, the edges of which are 
[larallcl with the edges of the prism. To concen¬ 
trate the light after entering tlie slit, it passes 
through a tube containing a jiair of lenses by which 
the rays are made [larallel before entering the prism. 
On leaving the prism the spectrum is .seen through 
a telescope, which gives a magnified imago of it. 
The arrangement commonly adopted is shown in 
the figures which are to ho hiimd in nearly all text- 
liooks of physics. 

Now, when the flame of a Ihin.sen lamp is placed 
before the slit, and a platinum wire dipped into a 
solution of, .siiy, common .salt, is introdiiecd into the 
Hame, a bright yellow light is seen, and looking into 
the tclc-scope a bright yellow lino is .seen, and 
nothing else.' If for a soilium compound wo sub¬ 
stitute a sidt of poto-ssium, then a red line is seen 
near the less refrangible end; if a lithium com¬ 
pound, a red line is seen nearer to the yellow than 
the red [leto-ssium line, and also a yellow line, which 
is not far from the sodium line, hut not i:oincidont 
with it. In like manner other metals give colora¬ 
tions to flame, or their comjxumds give colorations, 
which in th*c spectro.sco|)o are resolved into bright 


* This really coosifits of two yellow linefi hO cIom: together that the 
aimule apectroacope is osually iocomi^etent to show them neiiarate. 
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lines separated usually by dark .spaces, each line hav¬ 
ing an invariable po.sition,rclatively to the others. 

The method of spectrum analysis is distinguished 
by its extraordinary delicacy from the. ordinary 
chonucal methods, which are chiefly based upon the 
production of colours or precipitates in liquids. 
Bunsen and Kirehhoff in their Memoir* show that, 
for example, in the ease of sodium the eye can 
rccogni.se the pro.senee of one throe-millionth of a 
milligranmio of the metal. Hence the common pro¬ 
duction of the yellow light in the Bunsen flame, 
when a platinum wire, apparently chsan, is held in 
it, or when the air is hut slightly agitaleil, so as to 
raise a little common dust. Sodium, in the form 
chiefly of common salt, is to he found in minute 
quantity di.strihutcd in (he atmosphere everywhere; 
it is present in all eomnion water, and in nearly all 
animal and vogetahle suhslanees, and the freipicnt 
ap|K'jiranee of the yellow light, and the correspond¬ 
ing yellow donlilc line, was a source of much per¬ 
plexity to the earlier oh.servers, who, finding nothing 
else to account for it, altrihntcd it not unnaturally 
to the presence of water. It was not till I.S.ff) that 
Profcs.sor Swan of St. Andrews recognised in sodium 
tho cause of the yellow line. 

Thus far reference has boon made only to tho 
effect of introducing into a flame suhstanecs which 
are capable of being converted into vttpour by the 

' Translated into sevetal English journals; r.tf. Phil. Mag., vol. 
^ (18G0). and Jourti. Chfni. Sor.. 18, 270 (1861). 
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heat, and so carried up in that state into the upper 
part of the flame, where the vapour becomes incan¬ 
descent and giv^s out light. In some cases, how¬ 
ever, tin? tem])eraluro of a common flamo is not 
sufliciontly high to give tliis clfoet. For o.xamplc, 
many metals arc not vaporised liy such a source of 
heat, and it is ncec.ssary lo resort to the umtdi hotter 
electric “arc,” or to the electric spark olilained from 
an induction coil, in order to priHlttco vapour from 
them, and eait.se this vapour lo eirut- light. The in¬ 
duction coil is specially scrviccahle in such caso.s, for 
sparks may ho taketi helwcen the poles tipped with 
the mcljd iitider examination, or may ho made to 
pass hetween one pole and a solution of tho .suh- 
stanco to he tested without any ap|)reciahlo loss of 
material. It. nntst, howtiver, las reinemhcred that 
the spectra oli.sorved under t.he.se circumstances arc 
not identical with those which would he ohtained 
from the same element, at the lower temperature 
of a flamo: the spectrum afforded hy a given ele¬ 
mentary .sithstance in the are or spark is in almost 
all cases more complex, that is, it exhihits a greater 
number of lines than when a flamo i.s used. The 
spectrum oKservahle when a flamo is colotircrl by 
the introduction of a sidt is, in many eases, made up 
of comparatively hroarl bands, and these disappear 
when tho temperature i.s raised, Ireing rophtced by 
bright narrower lines in different positions, not co¬ 
incident with those of the bands. These lines usually 
remain unchanged at still more elevated tempera- 
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turos, but other iwlditional lines frequently make 
their appearance. The .spectrum derived from the 
flame is, in .such ca.sos, usually attributed to the 
glowing vaj)our of a compound, while 'the lino 
spectrum obtained by the use of the are or the 
spark is suppo.sed to bo that of the metal present. 
Those aro quite distinct from each other, and at 
prc.scnt there is no recognisable relation between 
the spectrum of a metallic element and that of its 
compounds, such as the oxide or chloride. 

As to the non-melallie elements, and especially 
the gases hydrogen, oxygim, nitrogen, the light 
which they give out at high temperatures is less 
inten.se than that emitted by melallie vapours; and 
they aro usually observed most l•onveniently by 
allowing an electric discharge to [la.ss through l.lie 
gas eonlined in a glass tube, and expanded by 
means of an air-pump till the pre.ssure of the gas 
is reduced to something very small. The dis¬ 
charge under such conditions pa.s.sos through a much 
longer column (d' the gas, which becomes incandes¬ 
cent throughout. As with the metals, the character 
of the spectrum varies according to conditions: at 
comparatively low temperatures bands of light or 
clo.sely grouped lines are .seen; at higher tempera¬ 
tures these change in position, ultimately disappear¬ 
ing as the temperature is raised, and giving place 
to separate fine lines, the relative mten-sities of 
which, however,- change with altered conditions in a 
manner which is often very difficult to explain. ^ It 
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seems established that the number and positions of 
the lines forming a giveif spectrum are dependent 
partly upon the composition or molecular constitu¬ 
tion of "the substance emidoyed, partly ujam the 
(Hmntity or density of its vapour, and [lartly upon 
the tcmperatiiro to which it is oxjxiscd. 

These variations, however, pcriilcxing as they are 
to the inexperienced ob.server, do not |irevcnt the 
application of the spectroscope to the recognition of 
a great many elements, and, as already stated, have 
led to the discowry of several. The preseneo of 
several elemetits togetlier does not interfere under 
ordinary eiremnstanees with the exhibition by each 
of its own special .irray of lines, and lienee complex 
mixtures, of minerals for example, may be submitted 
to examitialion by the spectro.scope, with the cer¬ 
tainty that those, constituents which arc capable of 
yielding vapour will be recognisable, notwithstand¬ 
ing that they are present in only minnlo quantity. 
Naturally, however, when heat is applied, the more 
volatile constituents will pass olf in vapour first, and 
will therefore afford their spectra more readily than 
the less volatile, 

llcference has already been miule to the fact that 
sunlight dilfei% from the light emitted by heated 
solid bodies, inasmuch as the band of colour is not 
continuous .from end to end, but. exhibits a large 
number of fine black lines crossing it transversely, 
which arc known as Fraunhofer’s lines. Notwith¬ 
standing that Fraunhofer counted and mapped some 
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hundreds of these lines, he did not give any ex¬ 
planation of their occurre#ce, and it was only many 
years later that the solution of the mystery was 
supplied by Kirchhoff. When a vapour is heated 
strongly enough it gives out light which consists of 
rays possessing definito rcfrangibilily, and capable of 
exciting the sen.sation of colour in the eye, as already 
stated; at lower toinporatnres, however, tho vapour 
is capable of stopping the same radiations. Henco, 
if a sufticiently thick layer of such vapour is inter¬ 
posed in tho ])ath of a ray of light from a source 
which supplies a conliunoiis spectrum, a .series of 
hlaek lines would appear in tho .same ix)sili()n as 
tho bright lines whi(;h would he seen if the vapour 
itself gave out light and this was viewed through a 
prism. The sun is su])po.se(l to he a very hot, solid, 
or fluid body, the light from which, if uninterrupted, 
would alford a coutinuous spectrum, like that given 
by a healeil solid metal, or by heated litue. But this 
luminescent nucleus is surrotmded by an atmosphere 
of vapotirs lo.sa hot., and thcroforo capable of stop¬ 
ping certain of the radiations; and so black lines 
appear in the speetrtun of the sun’s light, and these 
corrosirond in position to tho bright lines given by 
such metals as iron, calcium, .sodium, and other 
terrestrial elements when their vapours are heated 
to incandescence. Similar observations^ have led to 
the belief that a largo number of elements are 
common to the ojirth. and to the .sun, and many of 
the stars. 
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With regard to the recognition of elemental bodies, 
however, a distinction m»st be drawn between the 
recognition of wholly unknown and unsnspocted now 
substandes, and the discovery of inetbods for isolat¬ 
ing from known compounds elcinenls the existence 
of which is already well established. As airt'ady 
stated, potash and s(Hla wert' distitiguished from 
each other many years before their compound nature 
was demonstraUsI, and poULssium and .sodium ol)- 
tiiined in the metallic state; alumina and silica wore 
familiar long before the elements aluminium and 
silicon were separated from their a.ssocialcd oxygen. 
One of the most interesting eirst's of this kind is 
alfordcd by the uon-uietallie element tluorinc. Fluo¬ 
ride of ealcimu is widely dilfu.sed in nature. It occurs 
in many minerals, and, in small ipiautity, o-s a con¬ 
stituent of the ti.ssues of plants and animals. It is 
well known in the crystalliiKs form as the beautiful 
fluor or Derbyshire spar. The action of sulphuric 
acid u|iou this subslani'e was studied by ftcheelc in 
the middle of the eighteenlh ciuitury.and the acid so 
produced, long employed for etching glass, has been 
recognised since the time of Davy as a compound of 
the same nature as muriatic acid; that is to say, 
as constituted^ of hydrogen associated with an ele¬ 
ment having properties similar to those of chlorine. 
Nevertheless the separation of this element, long 
called fluorine, from the compounds in which it is 
known to reside, has only been accomplished after a 
long series of fmitkss attempts. Huorino in the 
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so-callcd free state is tlio most energetic chemical 
agent known. It decomposes water in consequence 
of its affinity for hydrogen, and the displaced 
oxygen is partly converted into ozone. It combines 
with metals of all kinds, and the heat generated by 
its union with silicon, with sulphur, with iodine, and 
even with carbon is so great as to cause ignition of 
tho.so substances. It is not displaced from its com¬ 
pounds by the action of any other known element, 
and the statements concerning its liberation from 
mercuric or silver Huoridcs liy the action of chlorine 
were erroneously based upon iiuperfcet exjicriments. 
It is olitainalilo, t.bougli with difficulty, by heating 
certain tiuorides, notably ceric tiuoride, (lok’j, and 
plumbic tiuoride, I’bF, (llrauner), which thus be¬ 
come reduced to lower Huoride.s. Ilut tho know¬ 
ledge of this remarkable substance would have 
remained extremely imperfect but for Mois.san’s ex¬ 
periments in l.HHIi on the electrolysis of anhydrous 
hydrogen tiuoride. This li(|uid is not an electro¬ 
lyte. but on the addition of dry pota.ssium hydrogen 
fluoride it conducts, and tho salt is re.solvcd into fluo¬ 
rine and poltussium. Tho latter lihcratcs hydrogen 
which escapes from tho surface of tho cathode, 
while tho former is set free at tbq anode in the 
form of a pale greimish gas which po.sscsses all the 
chemical activity of chlorine in an exalted degree. 
It is liquefiable at about -190°, and its boiling point 
under atmospheric pressure is very close to -187° C. 
It forms at this temperature a pale yellow liquid, 
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which no longer exhibits the energetic chemical 
properties displayed by the ga-s, for at this low 
temperature it does not even displace iodine from 
iodides, though it retains the power of seizing the 
hydrogen in benzene or oil of liirpentine with in¬ 
candescence. The powerful affinity of fluorine for 
hydrogen is the last to disap])ear.‘ 

We may now turn by way of citntra.sl to the dis¬ 
covery in the atinosphoro of a new gas, or rather a 
mixture of gases, the existence of which there had 
been no reason for snspeiiing, and the .strange 
cbaracters of wbicli could never have been |)re- 
dicted from any eon.sidtiralion within the range of 
ro(!ognised chemical jihilo.sophy. 'I’lie history of the 
discovery of "argon ” is one of the mo.sl intero.sling 
and inslrnclivc cba|)l,ers -in the re<!ord,s of natural 
sidence. For some time previously to 1H!)3 Lord 
Ibiyleigh had Ijcen making determinations of the 
densities of the principal gases,* nitrogen among 
the rest, and his attention was early attracted to 
a enrions anomaly ol)served in the case of this 
element. When the gas was made from ammonia 
it was found to l )0 decidedly lighter than when ob¬ 
tained from air, and as it seemed “ certain that the 
abnormal lightne.ss cannot be explained by contami¬ 
nation with hydrogen, or with ammonia, or with 
water,” everything seemed to suggest “that the 

* Monograph by II. MoUsan. Reeherdiet »ur Ciioltmrnt ilu fluor. 
Parin, 1887. 

* l*roe. Roy. Soe., 53,134. 
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explanation is to be sought in a dissociated state 
of the nitrogen itself.” A\nd by successive experi¬ 
ments it was shown that whether the oxygon of air 
WHS r(5nH)ved by r(!d-hot copper, by rc<l-hot iron, or 
by cold ferrous hydrate, tlie superior density of 
atniospljerie nitrogen remained undiminished, while 
the density of nitrogen (>l)tained })y various ebcmieal 
pro(jesses from nitrous oxide and from nitric oxide 
was the same as that from ammonia. The mean 
weights of nitrogen held by a certain globe were as 
follows: 


From nitric oxide 
From nitrous oxide . 

From iinunonimn iiitnio 
From iiir by hot copper 
From air by hot iron 
From air by ferrous hydrato 




‘2-2i)!K)VMoan 


'2-29H7 


2;no.3 

2-3102 


2-3l(]2 
j Differenco -OlOO 


lIon<:(s, alloi' iluu corrections, one litre of iihoinicul 
nitrogen weighs 1-2505 griim; atinospherie nitrogen 
weighs l'‘2r)72 grain. A review of all these facts 
led to the eonelnsion that tho lightness of ehemical 
nitrogen was not to be attributed to the [)rc.senee 
of any familiar impurity, or to tho existonco of 
two forms of nitrogon, but rather that the greater 
density of atmosplicrie nitrogen was due to its 
association witli a heavier givs cxi.sting in tho air 
in small quantity, and hitherto unreco^isod. The 
question as to tho homogoneousness of the gaseous 
residue left when tho oxygon of air, the moisture, 
and tho carbon dioxide have all been withdrawn, 
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was long ago considered by Cavendish in his 
“ Experiments on Air,” published in the PhUosojthical 
Tramactions for 1785. Here ho says, “ As far as the 
experinnSnts hitherto published extend, wo scarcely 
know more of the nature of the phlogistiiiatcd * part 
of onr atinosjihere, than that it is not diminished by 
lime-water, caiislic alkalis, or nitrons air; that it is 
unlit to support lire or maintain life in animal.s; 
and that its spcciiie gravity is not much less than 
that of common air; so that though the nitrous acid, 
by being united to phlogiston,” is converted into air 
po.ssossod of those properties, and, consequently, 
though it was reasonable to .suppose that part at 
least of the |)hlogisticated air of the atmosphere 
consists of this a(!id united to phlogiston, yet it 
might fairly ho doubted whether the whole i.s of 
this kind, or whether there are not in reality many 
different suhsUinccs compounded together by us 
under the name of [ihlogi.sticated air. 1 therefore 
made an ex|)erim(!nt to determine whether the whole 
of a given |)ortion of I he phlogisticatod air of the 
atmo.sphere could ho reduced to nitrons acid, or 
whether there was not a jiart of a difl'eront nature 
from the rest which would refuse to undergo that 
change.” Cavendish then proceeds to describe his 
experiment, from which ho concludes that “ if there 
is any part of the phlogisticatod air of our atmo- 

> Phlogisticatcd air in the term, in the language of the theorj of 
phlogiDton, for nitrogen ; dephlogisticatcd air is oxygen. 

* i.e. deprived of oxygen. 
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sphere which differs from the rest, and cannot be 
reduced to nitrous acid* wo may safely conclude 
that it is not more than -fl® part of the whole.” 
Tlierc the cpiestion was left more than it century 
ago. In August 1H94 it was answered by the 
announcement by Lord Rayleigh and Professor 
Ramsay of the discovery of a new constituent of 
the atmosphere, a gas having a density nearly 
half as large again as that of nitrogen, and di.stin- 
guished from all then known ga.ses by ah.sohito 
chemical inortnes,s, being, .so far as at pre.scnt known, 
incapalile of entering into any form of chimiical 
combination. The name urijim was given to this gas 
in allusion to its chemical inactivity. 

Two methods were employed by the discoverers 
for the removal of the nitrogen and the isolation 
of the argon. The (irst was the method used by 
Cavendish, though with the advantage of modern 
appliances. This consists in adding o.vvgcn to the 
air eontined over a solution of caustic potash, and 
then passing electric sparks through the gasooits 
mixture. The nitrogen is thus made to unite with 
oxygon, and the resulting oxide of nitrogen i.s ab¬ 
sorbed by the potash, and is converted into nitrite 
and nitrate. At the end of the ^experiment the 
residual oxygen is cixsily removable by rod-hot 
copper or otherwLso. The other proce^ consists in 
first absorbing the oxj’gen from the air operated 
on by means of red-hot copper, and then getting 
rid of the nitrogen by passing the gas over ^he 



11} _ RECOGNITION OP HELIOM 75 

surface of magnesium, or better still, a mixture of 
lime and metallic magnesium. Either of these 
agents absorbs nitrogen, forming solid magnesium 
or ealciuln nitride, leaving (he argon as a colour¬ 
less gas. 

The discovery of argon among the atmospheric 
gases naturally led to a search for a more produc- 
tivo source of the clement, and (lie attention of 
Professor Ramsay was <lraw'n to the .stjitement that 
certain minerals containing uranium evolve under 
the action of dilute sulphuric acid a ga.s which 
was su|iposcd to be nitrogen. On sulimiKing some 
of tbe gas thus obtained to tin! ])roc(‘.ss of .s|iark- 
ing in admixlure with oxygen very litlle contrac¬ 
tion occurred, and it w.as manifest tliat the amount 
of nitrogen |jresent was iusigiiificant. On exami¬ 
nation of the light afforded by (be expanded gas 
exposed to the spark discharge, it showed at once a 
feature which gave a cIik' to the character of the new 
substance. In addition to lines due to hydrog(!n and 
argon, present in the gas, a brilliant yellow line was 
observcil, nearly, but not quite (:oin(M<lcnt with the 
yellow lino 1), of sodium. The wave-length of this 
line is .5H7'4!) millionths of a millimetre, and it is 
exactly coincident with the line I), in the .solar 
chromosphere attributed to the .solar element, which 
had been named by Loekyor Minm. The complete 
spectrum is characterised by five very brilliant linos 
in the red, yellow, blue-green, blue, and violet respec¬ 
tively. The gas is chemically inert like argon, and, 



76 TUE PHOGEESS OF SCIENTIFIC CHEMISTRY fCHiP. 


like that element, in molecular constitution it appears 
to be monatomic. The (Kfficulty of complete separa¬ 
tion from argon rendered the original determinations 
of its density somewhat uncertain, but helium is 
undoubtedly, no.xt to hydrogen, the lightest gas 
known, and its .s[x;cilic gravity ha.s been observed 
as somowbal loss than 2. Helium has since been 
obtiined in a pure stale, but its density has not been 
appreciably reduced. 

This romarkablo history, however, does not end 
here, for early in Juno 1898 Profo.s,sor Hainsay and 
Dr. M. W. Travers comniiuucated to the Royal 
Society an account of their exannnation of liquid 
air, in which they announced the discovery of a 
now constituent, to which they gave the name 
Icryptim (hidden). Ten days latter, in a further 
paper, they described two other gases, named rc.spec- 
tivoly neon (new) and melarij<in' among the “Com¬ 
panions of Argon.” The method employed consisted 
in liquefying a large amount—nearly 18 litres— 
of “argon,” obtained from atmospheric air by 
absorbing the oxygen by red-hot copper, and the 
nitrogen by magnesinin. When the temperature 
was allowed to liso, the liquid evaporated away, 
the first portions of gius being collected .separately, 
as likely to contain any substance lighter than 
argon. The lightest and most volatile ingredient 
of this mixture, called neon, is a gas whose density 

^ Metargon was afterwards found to be a mixture containing 
oarbonio oxide. . 
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is Hourly 10, while argon has a density approaching 
20. A fifth member of this’ group of inert gases was 
a little later discovered in very small quantity in 
the least volatile portions of the liquid. It was 
called mnon (the stranger), an<l is found to have the 
density (il.' The gases Ihns i.solatcd frcini air agree 
in the common charactori.stic of chemical inactivity, 
or inability to form comjxmnds. 'I'hcv are believed 
to be monatomic, that is, that, like mercury vapour, 
their molecules contain one atom only. Their densi¬ 
ties and molecular weights arc as follows: 

Helium 
Ntton 
Ai^mi 
Kr\ ptiui 
XtMjon 

Small i|nanlilics of hydrogen arc als(j said to have 
been detected in atmospheric air, so tlnit onr atmo¬ 
sphere is a mixture oven more conqjlex than had 
ever been previously snspoctod. The new gases are 
physiologically as well as chemically inert; but.within 
the last few years the discovery of radio-active matters 
(Chap. X.) in the air lays open the question whether 
such matters ipay not contribute to l.hixse thera- 
|X,‘Utie effects for which certain localities have a 
reputation. 

With regard to the distribution of the elements in 
the crust of the earth, one fact whii;h has long been 

• ' Ram^y and Travers, Prve. Roy. Scr., 67, 321) (1**K)1). 
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recognised has acquired within the last few years a 
new signiKcanco. It is fa^niliar to every nnneralogist 
that elements belonging to the same or closely con¬ 
nected chemical families are commonly associated 
together in the earth.* Thus a specimen of a lead 
ore which docs not contain silver is scarcely to be 
found, and similarly a zinc ore without Ciwlmium, 
one of iron without manganese, nickel without cohalt, 
aro almo,st unknown, while the frequent occurrence 
of the halogens in company with one another is 
('(pially noticeable. T'ho whole (piestion has been 
discn.ssed more than once in connection with specu¬ 
lations a-s to the cause of the observed relations 
among the atomic weights which are embodied in 
what is called the periodic law (sec (thap. TV), 
lint quite rcciml.iy attent,i<m has again been drawn 
to the facts which have hecomo more than ever 
significant since the .genetic connection between 
■such elements as radium and uranium has been 
established. 


BKKiUAPHICAL NOTES 

Pacl Emu.k Lkcoq dk lloisiiAcrm.vs waa born, in 1838, 
of a family belonging to tho ancient 1‘rotostant nobility of 
Poitou and Angcrumaia. Tliough engaged ,)n buainesa in early 
life, he devoted hia leiaure to the atndy of eheiniatry and 
physics, and tho greater part of his aeientilic work relates tt» 
spectioscopic observation, winch resulted in tlAr recognition of 
several metals among tho constituents of tho “ rare earths,” 

‘ See the Data of Onxlumtlrt/, by F. W. Clarke. I'.S. Geological 
Survey, liullotin 4111 (1911). < 
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as woll as tho discovery of gallium in blonde. He died 28th 
May 1912. i 

[Obituary by W. Ramsay. Journ. Chtm. Soc., 103,742 (1913).} 

Bohu8I,a*v Beiaunkk, Professor of Chomistry, Bohemian 
University, Prague, Bohemia. 

Robkut WiLHBUi Bunsen was l>i)rn 3l8t March 1811, at 
Gottingen. His father was University Librarian and Pro¬ 
fessor of Philology. Bunsen studied chemistry uinler Stro- 
moyer at Gottingen, and after continuing liis studies in Paris, 
Berlin, and Vienna,he returned to Gottingen as /inVfd-dwrnf. 
In 1836 lie was appointoil to succeed Wohler as professor in 
tho Trade School at Cassel. In 1839 ho became professor in 
tho University of Marburg, where he reniaino<l till After 

a few montliK at Bre.slau, ho sucoeedial to tho chair at lleidol- 
Iwrg vacateil by Giiiulin. Bun.sen discovered ciwodyl and ita 
chief ilorivalivos alniut 1H39, In tho investigation of the 
gases of the blast-furnace, ho \va.s led to make inijiortant ini- 
proveiuciits in apparatus and niethods, doscrilxid in his well 
known Milltudin, iHo?. In IHII he constructed 

his carbon Uittery, and applied it to the electrolytic isolation 
of iiiaiiy metals. In 1844 lie invontod tlie grease-spot photo- 
niotor, for many years in general use. 

Ibisido the discoveries mentioned in tho text, Bunsen curried 
out many other researches. His invention of the burner for 
gas is familiar to all the world. 

Ho dio<l at Hoidollierg, IGth August 1899. 

[Bunsen Memorial Lecture. 11. K. Boscoe. Journ. ('Iiein, 

77, r»13(U)00).] 

Jo.sEi'H Fraunhofek, Director of the Optical Institute in 
Munich, and Keeper of tho Physical (^llMnet of tho Academy. 
Born at Strauhin^ Gth March 1787. Died at Munich, 7th 
June 1826. 

[Poggendorff’s HuTuiwf/rtrrbuch.] 

John Frederkk Wii.liam Hkrhchkt,, son of Sir William 
Herachel, astronomer. Burn 1792, died 1871, and buried in 
Westminster Abbey. 

[pictioiiary of National Biography.] 
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Quhtav Robkrt Kirchhokf, born at Kunigsberg, 12th 
March 1824. From 1850 to 1854 Professor Extraordinary at 
Breslau, then Professor of Physics at Heidelberg. In 1876 
transferred to professorship in the University of 'Berlin. 
Died 17th Octotwr 1887. 

(Poggondorffs Ifandimrlnbuch. [ 

JosRi’H Norman Lockyku, K.C.B., IX.!)., F.KS., Professor 
(retired) of Astropliyhies in the Royal College of Science, 
liondnn. 


Andrkas Sioirmuni) MAKiaiUAKK, pharinaceiitical chemist, 
attd later Director (»f the (dienueal Laboratory of the Academy 
of Sciences in Bei lin. Born drd March iTOil, died 7th August 
I7H2. 

I Poggondorff’s Jlnndiroi 

Wn.i.lAM Ai.JiKN Mil, i.kk, born at Ipswich, 17th December 
1817. Educated at the Quaker School at Ackworth, ho was 
apprenticed to Ins undo, a 8urge«>u ; hut after completing his 
studios in the medical 4le|>artmont of King’s (Jollegu, London, 
he got umployiuenl under Danioll in the chemical lalmratory, 
.iiid ultimately sm-ceeded him, in IH4.5, as Professor of Chem- 
istiy. Miller’s most iminirtant 8<'iontitic work was done m 
conjunction with Dr. (later Sir William) Huggins on the 
spectra of tho fixed stars. 

He died on 13th September IM70. 

[Obituary by Charles Tomlinson. Pioc. Uoy. Soc., B), xix. 

Hknry Moissan was born in Paris, 28th Septomlior 1852, 
After working in the laboratory of Fremy and attending tho 
lectures of Sainte-Claire-Deville and Debmy, he worked under 
Dt^h^rain on some problems in vegetable chemistry. He 
graduated us Docteur cs Sciences iii 1880. He then moved to 
the laboratories of the Sorboniie, and occupied himself hence¬ 
forth on inorganic chemistry. At the time of his death ho 
held the Professorship of Inorganic Chomistry in the Faculty 
of Sciences of the University of Paris. He published a large 
number of papers, but his most notable achievement was,the 
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isolatioD of fluorine in 1886. He afterwards discovered the 
conditions under which carbon (Jissolved in molten iron sepa¬ 
rates on cooling in the adamantine form. He also applied 
the ulectric furnace to the preparation of many metals, and 
crystallised lime and other refractory oxides. In I8iM )io 
obtained calcium carbide. 

Ho died in Paris, 20th February IIKX). 

[Moissan Memorial Lecture. W. IbiinsHy. Joum. Clum. Svc., 
101,477(11)12).] 

Lars Freduik Nilson was born in Ostorgotldand in 1840. 
In ho l)ocatuo a student at Upsala under HvanlH^rg, the 
successor «if Uet/.eliiis. ‘ After taking his doctorate, he bccivmo 
chief assistant in the laboratory. From 1878 to Nilson was 
Professor of Analytical (liemistry in the University of Upsala, 
and thenceforward occupied the Ohair of Agricultural Ciioiuistrv 
at the Royal Academy of .Vgriculturo in Stockholm. 

Ho died I tth May 181)1). 

fNilsiUi Memorial becturo. O. Pettoissoii. Joum. ('hem. 
Hoc., 77, 1277 [11)IJ<)]. 

K.C.n., K.R.S.,Ac., Professor of Chemistry 
(retired 11)12), UiuM-r.sity (h)lloge, Lomhm. 

L"Ui) Rwi.Kit.M (.lohn William Stiiilt, Ihd Baron), OM., 
F K.S., Chancellor f>f th«' l’mversil\ of (‘anibinige, Hon. Pro- 
fo8.si>r of Natuial I’iulosophy in the Ko\al Institution. 

FKEtDiNxM) Rkk i(.--Roin at Rornbiirg, IDth Februaiy 171)9. 
ProfoBH«ir of Physics and 'riicoretical Cliemislry at Froiliorg 
(.Siixeny). 

Died 1882 . 

i Poggeinlorirs Ifnndicoilrrhoh, voIk. li. and ui.) 

lliKRo.N'VMi Tl^KonoRE UlciiTiu. Horn at Dresden, 2l8t 
Novemlicr 1824. Teacher m the Hergacademie at Freiln'rg 

Died 1808. 

{Poggendortl's IlandintHcrhui'k, vols. ii. and iv j 

Hknry Enfikli) Uosco/.. Kt, P.O., D.C.L., F R.S., &c, 
Professor-Emeritus in tho Victoria f^niversity, Manchester. 

F 
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Karl Wilhrlh Screele.—B orn at Stralsund, 9th December 
1742 At tlie a);e of fourteen ^e was apprenticed to an apothe¬ 
cary at Gothenburg, where he read much and practised experi¬ 
ment. After taking employment at Malmo, at Stoc'kholm, 
and at Upsala, he made the acquaintance of Borgvnann. At 
Upsala he made many investigations, resulting in the discovery, 
among other tilings, of the gases long afterwards named oxy¬ 
gon and clilorino. In ITTf) he was iiiimIo a member of the 
Swedisli Academy. About tliis time ho was appointed to take 
charge <»f a pharmacy at K<iping, whcio, after a few years, 
he was able to relieve the businoss of an incumbrance of 
debt, and to buibl himself a laboratory. His health, however, 
failed, and he died on 2lst May ITHC. Scheelu’s name must 
over be romeniKu’c*! as that o) (Uio of tlie moet active am) 
successful Workers known in tlie liistory of cliomistry. Besides 
oxygen and chlorine, ho made indepemlont discoveries of 
ammonia, hydrochloric aci«i, ami hydrocyanic acul. A live [)or 
cunt. Solution of the last-iiaiiied is to this day known in 
pharmacy us Schoelo’s acid, lie discovered also hydroHuoiic, 
lactic, gallic, citric, oxalic, tartaric, and several other achls. 
Ho isolaUxl glycerin and milk sugar. Ho discovered arsonetted 
liydrogun and the green copper arseiiito which heais his name, 
besides introducing now methods of making calomel and many 
other compounds u.sud in medicine. 

[A’s«q/s in IhMoriidl ('luniuliij, E. Thoipy.| 

Wn,Li.\M S\v.\N, Brofessor of Natural Bhiloaophy at the 
University of St. .Andrews. 

Born IHIS, died IHiH. 

[IV'/ine Tnliillu: a memorial volume of St. Andrews Univer¬ 
sity, Ibt I I 

Mullins Wii.i.iAM Tu.wkus, D.Sc., F.RS, Director of the 
Indian Institute of Science, Bangalore, Indfev. 

Wn.iTAM Hydk. Wollaston.— Born at East Doroham, Nor¬ 
folk, 6th August 1766, The son of a clergyman, who was 
himself an astronomer of some distinction, he took a ilugree in 
medicine at (Viinbridgo, and for some time practised at Bury 
St. Edmunds and in London. He gave up practice in l^X) 
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and devoted himself to scientific pursuits. Wollaston dis* 
covered {>aliadium and rhodiu^^ in crude platinum, and in> 
vented the process for working' platinum, wliich was practically 
employed for more than fifty years. Hu iiivuntud the refiect- 
in^ ^unioiAeter and the cryophorus. Ho also uxaniined thu 
oxalates of potash, and thus indepunduntly illustrated the law 
of multiple proportions. 

He died 2’2nd December 1H2H. 

IJlidionarij of Nntionul l!i<>ijrifphij.\ 
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KKCTIKICATKIN AND STANDAllDISATIDN OK 
ATOMIC WKIOIITS 

The iiooossily lor proscrviii)' (lie (lislinclion between 
fad esljililisbeil by observiition or experiment, and 
hyiMtkfHix wbieb siiooesls an expliiniition of the facts, 
liius not always lieen clearly recognised in chemistry. 
We know, for example, that oxygon and hydrogen 
will combine together in certain |iropi)rtions, and in 
no othcTs. This is explained by the (iKxv/inplidn that 
atonisof oxygen unite with atoms of hydrogen to form 
eom[)onnds, and that the atoms of oxygen are all of 
equal ma,ss, and are each nearly sixteen times heavier 
than an atom of hydrogen. Jt is therefore impos¬ 
sible that there can be eoinponnds made up of com¬ 
plex proportions of these two elements, nnlc.ss wo 
assume that which is very im|irobablo, namely, that 
the atoms combine in large numbers and uneven 
proprtions, .say, for cxamide, thirty of one kind to 
thirty-one of another. Dalton wius the first to apply 
tho “atomic theory" to chemistry, and his ideas 
respecting chemical combination were expressed 
in the following manner:' “When two elements 

^ Tbomson's St/atem of Chcnmtry, 3rd edition, vol. iii., 1807. ^ 
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combine to form a tliird substance, it is to be pre¬ 
sumed that one atom of olio joins to one atom of tlio 
other, unless when some reason eau bo assifjnod for 
supposino the contrary. 'I'lius oxypen and liydrogen 
unite tooetbor and form water. Wo are lo presume 
that an atom of waler is formed liy the combination 
of one atom of oxygen with one alom of hydrogen. 
In like manner one atom of ammonia is formed by 
the comliinalion of one atom of azole with one atom 
of hydrogen.” It is obvious that if sncli hypothetical 
ideas are superimpo.seil upon the acknowledged facts 
as to the composition of water, an artilici.'d rule is 
established lor estimating tlie relative alonde weights; 
and in Dalton's time, and ehiellv as the outcome of 
his experiments, the values attributed to the atomic 
weights of the three elements referred to above were 
actually based on this combination of ideas. Dalton, 
however, and all his sucee.s.sors, were obliged to admit 
th.at this simple hypothesis is not applicable to all 
ca.se.s, and is manifestly often opjiosed to well-estab- 
li.shed facts. The composition of waler, for example, 
was represented by nearly all chemists during the 
former half of the lunelcenth century by the formula 
HO, in which H stuids for 1 part by weight of hydro¬ 
gen, and 0 ton H (larls by weight of oxygen. The 
change which has resnilcil in the universal luloption 
of the formula HjO, in which 0 is approximately 
twice 8, was the result of a protracted contro¬ 
versy beginning from the time of Dalton himself. 
Gay-Lussac’s celebrated “Memoir on the combina- 



86 THE PROGRESS OF SCIENTIFIO CHEMISTRY [CHAP. 

lion of Giusoou.s Substances with each other,”' was 
published in 1809, and the E.ssay' by Avogadro, 
on “ A Manner of determining the relative Ma.sscs of 
the Elementary Molecules of liodie.s, and the Pro¬ 
portions in which tluy enter into these Compounds,” 
in 1811. (lay-bussae ])roved by experiment that not 
only does one volume of oxygen combine with two 
volumes of hydrogen in the production of water, bnt 
that innrialic and carbonic, aiad g.ases combine with 
ammonia gas in the ral.io of I: I or 1:2. lie further 
domonsiraleil that ammonia is composed of one 
volume of nitrogim combined with three volumes of 
hy<lrogen, an<l that carbonic oxide in burning with 
oxygen (xinsnmes half its volume of this gas. Krom 
the.se and other exampliis he concluded that giuses 
always Combine together iii simple [iroporlions by 
volume, and further, that the apparent contraction 
ot volume which they experience on condtination 
hius also a .sim|)lo relation to the volume of the gases, 
or at least to that of one of them. 

Avogadro, accepting Gay-Ln.ssac’s experimental re- 
.sults, proceeded in the memoir referred to to discus.s 
the explanation of the facts. He was led to the 
hypothesis now familiar enough to chendsts, though 
so tardily rccogni.sed, namely, “ the jupposition that 
the number of integral molcctdes in any gases is 
always the same for equal volumes, or always pro¬ 
portional to the volumes.” About three years after 

* English translations of both are included in No. 4 of the 
AUtnbit Club JieprinU. • 
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the publication of Avojfiuiro’s Essay, the French 
physicist Ampere put forwW similar views' regard¬ 
ing the constitution of gases, and probably it was 
respect for his authority wliicli lussistcd in the hesi¬ 
tating acceptance of the primsplo by chemists 
generally. But although Duiuiis in 1820- refers 
to the fact that at that time physicists agreed in 
supposing that in elastic fluids under the same 
conditions e([ual volumes contain the same number 
of ntoleeules, it was not till nearly forty years later 
that this principle was generally employed as the 
basis of a method of estimating molecular weight. 
This reform w.is the result which followed, though 
not even then inuueilialely, llie represenlaticjns made 
in IHoH and again in 180(1 by (he Italian professor 
('annizzaro. 

The nature of the problem will be shown most 
clearly if wo consider closely a single example, that 
of oxygon. Nearly eight parts of oxygen unite with 
one part of hy drogen to form water, but the (|ue.slion 
is, whether in the smallest existing particle, that is 
tho molecule, of water there is but one atom of 
oxygen with one atom of hydrogen, as Dalton 
.suppo.sed, or whether water may not contain more 
than one atonj of either or both these elements; 
and whether, taking the atomic weight of hydro¬ 
gen as the unit, that of oxygen shotdd be 8 or 


' Jim. chilli, nut., so, 43 (1814). 

* IM., 33, 337 (1826). This id the tuetooir iu which Ouniati de* 
bin method of taking vapoar*den6itieM. 
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some multiple of S. Tho question began to be 
seriously discussed wbon.'in 184:1, (lerhardt* pointed 
out that tlio cond)ining proportions or equivalents 
ais^opted for organic compounds did not agree 
with those assigned to miiairal substances, and in 
order tliat they might correspond with l‘l.,0, CO^, 
and Nil.,, the formidic ho gave to water, carbon 
dioxide, and ammonia respectively, they required to 
bo reduced to one half; and at tho end of a series 
of papers on the subject he coneluded that “ the 
densities of ga.ses are proportion.il to their equiva¬ 
lents." His system of formnl.e was based on the 
adoption of the symbols H,/) for water and making 
other formula' conform to thi.s. If it bo true, as 
Avogadro taught, that “equal volumes of different 
gases at tho same lomperaturo and pressure contain 
tho .same number of molectdes,” then those quanti¬ 
ties of all substances which till tho same volume in 
tho state of gas must bo taken as molecular propor¬ 
tions under tho same conditions. 

previously to this time there had been no rule 
commonly recognised and applied to this purpose. 
Tlius, if the symbol H .stand for one volume of 
hydrogen gas, HO (0 -8) represents also one volume 
of water vapour, and HCl represents two volumes of 
hydrogen chloride gas. Or if HO stand for two 
volumes, then H must also stand for two volumes, 
and HCl for four volumes. Gerhardt proposed to 
take water as tho standard of comparison; that is, 
*AnH.Chm 7.129, aiu] S, 238. , 
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as the unit of inolocular niagnilude.. He repre¬ 
sented the molecule of water by the formula HjO 
(H = i and 0=16), reviving the relative value of 
the atomic weight attributeil to oxygen by Herzelius, 
ihoiigh now reduced to tbe sc«lo in wbicb H is 
taken as I, instead of 0 ;is 1(10. Accordingly tbe 
formula' HjO, IK.'l, Nil,, CO,^ represent cipial volumes 
of the .several eom[iound.s in the gaseous stjite, and 
under the same conditions of temperature aud pres¬ 
sure. And it is ncce.s.sarv to ob.servt! (bat tbe.so for¬ 
mula' do not oidy agree in r(!gard to tbe bypothetical, 
physicid i;onstilution of tbe gases wbicb tbey repre¬ 
sent (that is, tbey com])ly with the bypotbe.sis of 
Avogadro), but tiny actually repre.sent tbi; cliCTuically 
reactive units or molecules of tbese substances, lint 
these formula' imply that the atomic weights of 
oxygen and carbon must be assumed to be double 
of those commonly adopted by ebemistry at the 
time, and require a corresponding change in (he 
formula! of all the oxides, acids, ba.ses, and other 
compounds in which these elements exist. Great 
support for those views was derived from the suc¬ 
cessive discoveries of the constitution of ether by 
Williamson (1850), and of many acid anhydrides 
by Gerhardt l^im.self.' For .so long as ether was 
regarded as the oxide of ethyl, G,!!/), while alcohol 
represented a compound of this oxide with water, 
namely, as hydrated oxide of ethyl, GjH/J-l-HO 
(C=6, 0=8), the relation was not perceptible. 

■ Sec further on, Chap. V. 
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But when Williamson showed that the conversion 
of alcohol into ether is accomplished, not by the 
simple withdrawal of water from alcohol, but as a 
consequence of the exchange of an atom of hydrogen 
in alcohol for another ethyl group, C,Hj, the result¬ 
ing compound forming a volume of vapour equal to 
the standard volume, namely, to the volume occu¬ 
pied by a molecular proportion of water, H^O, a 
new view of the constitution of alcohol followed 
as a necessary consoqucnco. The following coni- 
pari.son will show clearly the mature of the change 
involved: 


(H:l>STVr,F nksstii.k. 


KoinuiU- 

('•iiTestKimltiit' 

VolllllH 

Konnula • 

t'orres^iiding 

Vohmie 

l«> ».r--(i| 

tjf Vu|)<>«r 

[0 lU. c-li] 

of Vapour. 

no 

1 vol. 

H.,0 

2 vols. 

llCl 

2 vols. 

HOI 

2 „ 

00 

1 vol. 

uo 

2 

CO., 

1 vol. 

VO.J 

2 !! 

Nii, 

2 vols. 

NH., 

2 M 

C^HjO 

1 vol. 

04 H ,„0 

2 o 

Odho 

HO 2 voU. 

0,,1I„0 

2 


It was, however, long before such views as these 
received the general assent of the chemical world, 
and it required the support of evidence drawn 
from various apparently distinct lines of inquiry, to 
establish firmly the now doctrine. lu order to ascer¬ 
tain the volume of vapour which corresponds to a 
given fonnula, it is only necessary to (hstermine the 
specific gravity of the vapour, that is, the weight of 
one unit volume, hydrogen or air being usually taken 
as the standard. But though text-books of this period 




in] 9ISC0VKBY OF SUBSTITUTION 91 

usually give an account of the mothoils of Dumas and 
Gay-Lussac for such experimental determinations, 
the results were usually treated as isolated physical 
facts, or were applied to the correction of ompirieal 
formula', and never to their reduction to a common 
standard. 

In 1834 Dumas discovered the lemarkahlo fact 
that chlorine is capable of replacing an equal volume 
of hydrogen in many organic compounds, the pro- 
ces.s being afterwards known as substitution, or, 
as Dumas called it, metalqiny. Acetic acid, for 
example, is a monoba.sic acid, for it atfonis with 
each metal, as a rule, only one s.dt, in Ibe formation 
of which one e([nivalent of the acid was known to 
interact with one equivalent of such a base as potash. 
But three-fourths of the hydrogen of acetic acid is 
exchangeable in throe siiccc-ssivo stages for equivalent 
quantities of chlorine, giving ri.se to mono-, di-, and 
trichloracetic acids, thus: 

Acetic acid. 0,IIjO.,IlO (C-0,0 = 8) 

Monochloracetic acid (qH/IIO^HO 

Dichloracetic acid . . C 4 U 0 I./),HO 

Trichloracetic acid . . tqCl , 0,110 

The.se chlorinated acids are monobasic, and bear a 
strong resembljnco to acetic acid, from which they 
are derived.' 

Dumas also pointed out,* in reply to criticisms 
from Berzelius, that while chloracetie acid heated 

■ Omtpt. JUnd., 1, 474 (1838). 

• AnnaUn d. Ckm. u. Fhtirm., 33, 179, 259 (1840), 
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with potash splits into carbon dioxide and chloro¬ 
form, acetic acid heateit with baryta gives carbon 
dioxide and a gas which he identified with marsh ga.s, 
of whiidi chloroform is the tricbloro-dcrivativo, and 
therefore an analogiK'. And taking the principle of 
i.somorphism as a guide, be declared that compound-s 
like acetic acid and chloraeetic aciil belong to the 
RMno clii'micdl ii/pc, jn.st as all the different varieties 
of alum belong to the same crystallographic or 
mechanical type. A little later be studied the 
action of chlorine upon marsh gas, and though he 
did not succeed in isolating all the successive pro¬ 
ducts of Ihe substitute of chlorine for hydrogen in 
this com|Hmnd, be obtained and analysed the per- 
ohloride, which is the final prodiuit of the action, 
and showed that the production of this compound 
and chloroform represented two stages in tho same 
process. The complete scries of substitution pro¬ 
ducts would be expressed by the following names 
and formula': 

Mtithauo or nmrsl) gas.CIIHHH 

Gliluroinothunu or methyl chloride . . . OHHHCl 
Diohloroinothaiie or methylene dichloride . CHHCICI 
Trichloromethane or chloroform .... CHCICICI 
Tetrachloromothane or carbon tetrachloride CCICICICI 

These sueceasive .steps have since that time been 
completely traced, and each of these qimipounds is 
now well known and characterised. Dumas also, 
together with Stas, investigated the action of potash 
upon a number of alcohols and their principal cthots, 
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and showed' that all true alcohols can produce a 
corresponding acid. Thus he was led to a classification 
of carbon compounds according to the nature of the 
typical substance, alcohol, ether, acetic acid, aldcliyd, 
&c., from which the compound could be derived, 
actually or hypothetically, by a process of substitution. 

As will bo shown in a later chapter, the molecules 
of water, ammonia, hydrochloric acid, hydrogen, and 
marsh gas were afterwards successively adopted as 
ty])Os of the various classes of chemical coin|)ound.s, 
and thus a classification was etrectod of the othcr- 
wi.se miscellaneous products of succc.ssivo discovorio.s, 
especially in the domain of what has .so long hocn 
called “organic" chemi.stry. Though it was many 
years before this doctrine was generally accepted, 
the important facts came ultimately to be recognised 
that certain elements arc distinguished by the power 
of holding together two or more atoms of other 
elements, or of “residues" consisting of MWeral ele¬ 
ments united into a group." 

In water, for example, atid in all the inmiediate 
derivatives of water, stich as caustic potash, tdcohol, 
ether, silver oxide, hypochloroits acid, it was jicr- 
ceived that while the electro-positive elements, such 
as hydrogen, {wtassium, ethyl, Ac., could bo sofai- 
rately replaced, and that in water the hydrogen i.s 
divisible into^wo exactly equal parts, the oxygen main- 

' Ann, Chim /•hiji, 12), 7.1. 73 (t8t()|. 

* A fuller account of these develojiments is reserved for a later 
cl^pter (Chap. V). 
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tains its i’ndivmbility throughout. This important 
distinction is recorded in the formulie of the water 
type; 




0 


K f" 
Ak) 
Agi 


C.,H, 

H 
H 


0 . 


Cl 


0 . 


Gorliiirdt pointed out that tlio formula H^O for 
water is preferable to the formula HO (0 = 8) then 
in use, boeau.sc it is consistent with the fact that 
each moiiatomii; (in niodorn language, monad or 
univalent) radictlo' gives two derivatives of the water 
typo, that is, by snceessivo roplaecmont of the two 
atom.s of hydrogen it forms two oxides,^ like caustic 
potash and o.xido of pola.ssinm, as shown by the 
above formula'. The same radicle, however, gives 
only ono chloride, one bromide, and one iodide. 

Preei.soly similar considerations can bo applied to 
compounds contaiidng carbon. M.arsh gas is com¬ 
posed of this element united with hydrogen, but 
whcrcius the latter can bo roplaceil by chlorine, or 
other agents, in four sepitrato anil equal portion.s, 
the carbon is not only not .so divisible, but it has 
the power of linking together in one definite and 
homogeneous compound the chlorine which has been 
introduced in c.xehange for a part of the hydrogen, 
and the rc-siduo of hydrogen which is loft after such 
operation. Hence such compounds as CHjCl and 
CHCI, are producible from marsh gas^and are by 
an inverse operation transformable back again into 

' This b the usual modern form of (his word. 

* Traiti df Chime Organiqw, t. iv. 689. 
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that compound. These relation.^ are sufficiently in¬ 
dicated by the formula: already given (p. 92). 

Further, if we examine the now familiar .series 
of homologous hydrocarbons, alcohols, aldehyds, 
acids, &e., containing carbon in progrc.ssivcIy increa.s- 
ing proportion, it becomes obvious that each term 
of such scries differs from the next below and the 
next above by a (luanl ity of carlwii whicb is never 
less than 12 [larts by weight, the iiuanlity of 
oxygen, if present, remaining the s:uiie ibrougbout 
the series. The following fonnulie, for exam|)le, 
represent all the known mendiers of ibe several 
series of paraffins, alcohols, and fatty .'icids: 


PanifHiig. 

Alobols 

Fatty \iiilit. 

c,u. 



c^dl. 




C'„ll.() 


OnHo 

('„1I,„0 



c,.ll„0 

c„ai,„Oo 

t&C. 

Ac. 

t\lc. 


It is obvious that in such series x must be equal 
to 1, and the atomic weight of carbon must be 12, 
and not a smaller number such as (i. For sup¬ 
posing = then each formula would repre-sent 
the proixirtiou of carbon present as divisible into 
two equal parts, for wbii'b there is no jmstitication 
in fact. Moreover, in such a series as (he paraffins, 
there would be on (bat byjiolbesis a gas com|X)Scd 
of carbon and hydrogen having half the density of 
marsh gas, and the formula (IHj. It is almost 
needless to say that such a gas is not known. A 
similar argument may be based upon the well-eslab- 
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lished fact that in the numerous definite decom¬ 
positions in which the dxides of carbon are evolved, 
none are known in which carbon is eliminated in 
this form in quantity less than would be expressed 
by 12 parts by weight. Take formic acid, for example: 

-H.jO =C,0 

0,H./b+0 =C.O, I lip 

If 0 = 0 the.so (piantitics would have to be repre¬ 
sented as OjO and O.,0.^ respectively, which would 
bo unnecessary and illogical, so long as 1)., is known 
to repro-sent an indivisible ipiantity. 

Throughout this long iliscu.ssioii, extending over 
twenty years or more, two chief considerations were 
gradually brought to one common focus; the one 
based upon the hypothesis of Avogadro provides a 
uniform measure of molecular magnitudes, the other 
iiulicatcs the limited comhiniug capacity of each 
elementary atom, anil of each group of atoms form¬ 
ing a radicle. If to this is superadded the strictly 
chemical process which consists in ascertaining by 
experiment whether the ipiantity of any given ele¬ 
ment, found in a scries of molccidcs of which it is 
a common ingredient, is divisible into several equal 
parts, or is not so divisible, we arrive at the con¬ 
clusion that the indivisible or atomic proportions 
of each clement can bo detormineiV And the end 
of it is, that taking one prt by weight of hydrogen 
as the unit for the scale of atomic weights, and find¬ 
ing that not less than 16 such parts by weight of 
oxygon over enter into or leave a molecule of a com- 
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pound, 16 must be regarded as the atomic weight 
of this element. By a simMar course of reasoning 
applied to the compounds of carbon, silicon, sulphur 
and its allies, it is now agreed that the value 
assigned to the atomic weight <if each of those 
elements must be, as in the ease of oxygen, double 
the value previously assumed, so that henceforth (J 
stands for 12 parts of cjtrlion, S for ;t2 parts of 
sulphur, and so forth. 

The new atomic weights and the simultaneous 
changes in the system of chemical formula' were, 
however, not generally lalopled in te.xt-biaiks or in 
seionlilii; memoirs till long after IHtiO. The new 
system was employed for the lirst l.imo by Hofmann 
in his lectures at the Itoyal ('ollcge of ('hernistry in 
the year IHtil, and this example doubtle.ss a.ssistod 
greatly to promote the recognition of the new doc¬ 
trine in Kngland. In IHti-l Dr. (Idling, as President 
of the Chemical Section of the British As.sociation, 
was able to congratulate the .section U[)on “the 
substantial agreement which now prevails among 
English chemists as to the combining jiroportions of 
the elementary Iwdies .and the niolecuilar weights of 
their most important componnils," But in France 
the formula for water continued very generally to be 
written HO, or occasionally, with equal impropriety, 
HjOj, down to a period at least live-and-twonty 
years later. So great, even in science, is the in¬ 
fluence of habit and of authority in retarding the 
modification of long .settled ideas. 
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The application of the “ law ” of Avogadro to the 
settlement of atomic weights is, however, limited 
by the fact that certain elements, metals, appear 
to bo incapable of producing compounds which are 
vaporiaablo without decomposition. Thus silver, 
gold, platinum, copper, and cobalt form no volatile 
chloride or other compound of which the vapour 
density could bo ascertained. In such cases recourse 
must bo had to other methods, whereof the most 
important is the application of the specific heat, in 
accordance with the discovery of I’ctit and Dulong 
publishod in IHI!). These physicists found that 
when the mimt)Or oxpre.s.siug the specific beat of a 
solid element is multiplied by the atomic weight of 
the same, the numerical value of the product is nearly 
constant. This is .shown in the following table: 


Copy ok Table by Petit anu Duloso • 



Specific HcaU. 

Atomic WelKhla 
(0=1). 

Atomic Weight 

X Specific Heat 

Bismuth . 

•(12H8 

13-3() 

•38.30 

Lead 

•0293 

12-9.> 

•3794 

Gold 

•0298 

12-43 

•3704 

Platinum . 

•0314 

u-10 

•3740 

Tin . 

•or>i4 

7-35 

•3779 

Silver 

•0557 

G-75 

•3759 

Zino.... 

•0!>27 

403 

•3T:K5 

Tellurium 

•0912 

4-(A> 

•3(575 

Copper 

•(►949 

3-957 

•3755 

Nickel 

•1035 

3-159 

•;1819 

Iron .... 

•M(K) 

3-392 . 

■3731 

Cobalt 

•1498 

2-4(5 

•3<585 

Sulphur . 

•1880 

2011 

•3780 


* Jnn. CAtwi. PAyl., 1819, x. 403, 
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Tho statement of the relation indicated in the last 
column of figures is expressed in the following words 
of the authors, p. 405: “Les atonies do tous los 
corps simples out oxactement la mcnic capacite pour 
la chaleur,” 

Of course several of tho values inserted in this 
tabic have since been provoii (o be exceedingly 
inaccurate. More modern re.searobcs bavo estab¬ 
lished the general truth of the priiicipio hero enun¬ 
ciated, but only wben the temperature at which tlic 
specific heat is olwerved lies between tho freezing 
and boiling points of water in tho cases of all tho 
elements except carbon, lioron, silicon, and beryllium.' 
The iiiHuenco of temperature on specific heat is much 
greater than was formerly suiUKised, and the results 
of modern investigation show that at a very low 
temperature, such as the lemjxiraturo of boiling 
liquid hydrogen, it becomes very small, and probably 
in all cases it di.sappears at or near the absolute 
zero.” 

The system of atomic weights at present in use 
is referred to hydrogen ns unity, but the scale upon 
which the atomic weight is calculated makes no 
difference except in tho absolute value of tho pro¬ 
duct, approximjitely constant, obtained by multiply¬ 
ing together the specific heat and tho atomic weight. 
On the hydrogen scale this product is about 64 


* TiMen, Joum, Chem. Soc., 87. 551 (1905). 

* Hemst. C’lUm. Soc. AnnutU Report for 1912, p> 9. 
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and the process of acttlii^ an atomic weight is very 
simply based on the equation— 

Atomic \Vt. X Spec. Heat = C'-l, 

from which, if the specific heat is known, the atomic 
weight can l)e at once roughly calculated. Since, 
however, the experimental difficulties attending the 
determination of the specific heat are greater than 
those which are involved in the detorminatioii of the 
comliining proportion of an element, the immhors 
expre.ssitig specific heats arc leas exact than those 
which expn'ss coinhiniiig weight. The atomic 
weight is either idcntiiail with the esnnhining pro¬ 
portion, or is .some multiple of it. So that, in order 
to fix the atomic weight of a metal, we take that 
multiple of the e(|iiivalent or cornhining propor¬ 
tion which comes nearest to the value of this pro¬ 
duct. Tho specific heat of tin, for example, is 
•0559 (Ihin.sen), and 29’75 parts (if the metal com¬ 
bine with an equivalent of chlorine. Then, since 

At. -I14'5, the atomic weight is 

taken to be 2!)-75x-t. or 1190, or thereabouts, 
rather than 29 75 or any smaller multiple of this 
number. 

It is interesting and important to vote that when¬ 
ever the two methods, based on tho use of tho low 
of Avogadro on tho one hand and that^f Petit and' 
Dulong on the other, can be applied to the same 
element tho results agree. Thus nickel is known 
to have an atomic weight which approaches 59, f^r 
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the specific heat is 'lOS^and ;~ = 59'2. Also the 

vapour (loiisily of its carbonyl uompouml is 8fi'5 
compared with hydrnj'cn, lloiice the molecular 
weight of this compoimd is 17;i, and it is found by 
analysis to contain lid'.'t per cent, of nickel; ITlt 
parts tbendbro contain 57 ti jiarts of nickel, which 
is in practical agreement with the value derived 
from the specific heal. But just as the law of 
Avogadro had to wait nearly fifty years for gmieral 
roc;ognilion, so the principle a,sserled by I’etit and 
Dnlong remained unapplied and almost unnoticed, 
■save casually as a matter of enrio.sity, down to com- 
jiaratively recent times. It is true that lleguault, as 
a result of his researches, commenced in 1H40,' was 
led to regard the law as nniver.sally applicable, hut 
Kopp, who resumed the ipie.stion a ipiarter of a cen¬ 
tury later, came to the conclusion ■ that the law of 
Dnlong and I’etil is not strictly valid, even when the 
c.vceptional cases of boron, carbon, and silicon arc ex¬ 
cluded. The w.ant of I’.rdct concordance among the pro¬ 
ducts of the inullipliitation (d' spcicilic heat by atomic 
weight docs not, however, jirevent the very general 
application of the law for the purpose of controlling 
atomic weights in the manner already doserilied. 
And chemislrj is indebted chiefly to the rcjircscnta- 
tions of Cannizzaro’ in 1858 for the recognition 

^ Kspecially Ann. Ck. Pky$. [21» 73, 66, ami [3] 2fi, 2^1. aod 
46, 257. » PhU. Tran$., lWi6. 

• ll Nuoco VimctUo, 7, 321. KoglUli version in AUmbic Club 
Rtprintt. No. 18. 
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of this most important. use of the observed re¬ 
lations. 

The system of atomic weights most genorally 
ado|)l('d at tlie present day takes hydrogen as unity, 
though unfortunately there is not a universal agree¬ 
ment as to this matter, for a eonsideraljle nuinher 
of ehemists prid'er to use the round mmdior Hi for 
oxygen, ou the ground that if lids numher is u.sial 
instead of the somewhat smaller value which more 
exactly represents the atomic weight of oxygen when 
hydrogen is taken as the ludt, the atomic weights of 
many of the more common of tfie elements may 
also bo ropre.scnted hy whole numbers without appre- 
eiahlo error. Thus, if 0 is 1(1, we have As-.--75, 
Hr = .H(), (,’a--40, (;.--12, F-=li), Fe--,5(1, 1^127, 
llg=- 200, N U, 1> Ill, Na - 21!, S :!2, 
Sn = 111), very approximately. It must not be 
forgotten, however, that if (1-1(1, the value I'OOH 
must be assigned for all exact purposes to hydrogen. 
A table of atomic weights in accordance with the 
best available evidence is annually published by an 
International Committee, in which the number 10 is 
adopted as the atomic weight of oxygen. 

Whether the one scale or the other is u.sed, how¬ 
ever, is a matter of small importance jn compari.son 
with the immen.se advantages which have accrued 
from a general agreement as to the methods by 
which the atomic weights may be calculated from 
the chemical equivalents. As a consequence of this 
agreement certain relations among the numerical 
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values of tho atomic weights have been discovered, 
and the nature of the elements themselves set in an 
entirely now light (see next chapter). 

ft seems proper to recall at this point the names . 
of a few of the more prominent among tho workers 
who have laboured to introdiico accuracy into tho 
ex|)erimcnljil estimations cif the combining pro¬ 
portions of the elements, from which the atomic 
weights of the same are, as already explained, de¬ 
rived. The first to make experiments explicitly 
directed towards the estimation of the relative 
weights of atoms was, of course, John Dalton, but 
the nnmhers he obtained were in many cases .so far 
from the truth, that his results have at the pre.sent 
day no intcre.st, except from the historical [xiint of 
view. Tho same may be said of the “equivalents” 
calculated later by Wollaston {Phil. Traw., 1814), 
and the first chemist to whom .science is indebted 
for estimating the.so ratios with a tolerable approach 
to accuracy was the Sweilish profn.s.sor Berzelius. 
To this busines.s, indeed, he devoted tho greater part 
of a laborious life. His example was to a certain 
extent followed, and a number of very exact e.stima- 
tioms were due to tho labours of Dumas, Pelouze, 
Do Marignac, and others. Later, tho most eminent 
among the numerous workers in this field was 
J. S. Stas, who, in a series of papers of which the 
first was published in 1860, gave the results of his 
experiments on tho atomic weights of ten elements, 
conducted with precautions more elaborate, and with 
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a skill more refined than .anything previously known 
in researches of this kind^ 

The object aimed at is to dotemiine exactly the 
proportion of each olemont which enters into com- 
hination with the unit weight of some one element 
taken as the standard. During the first (piarter of 
last century oxygen was used a.s the standard for 
comparison, and its combining unit was assumed to 
bo 100. lint inasmuch as hydrogen enters into 
combination in the smallest [iroportion of all, it was 
soon found more convenient, to take hydrogen as 
tho standard, and refer all other combining weights 
to that of hydrogen, assumed to be 1. 'fhe hypo- 
tho.sis suggested by I’rout in 1H15, that the atomic 
weights of the elements are multiples of the atomic 
weight of hydrogen by whole numbers, doubtless 
assisted in promoting the adoption of hydrogen as 
the unit. This hypothesis in its original form has 
long since been abandoned. 

Tho methods acttially employed for the purpo.se 
contemplated are very diverse. It is not possible in 
all cases to obtain comi«)unds of the elcmcnla with 
hydrogen. Tho metals, for exatnple, afford but few 
examples of such oompontids. On the other hand, the 
metals form oxides which, as a class, arc remarkably 
definite and stable substances. Analytical difficulties 
of a practical kind, however, also stand in the way of 

I A complete secoont of the object, scope, aad reeulta of Stas’ 
work is given in tbo Memorial Lecture by Profeuor J. W. Mallet, 
read before the Chemical Society, Dee. 1892.—Pratu. Chtn, Soc., 
Ua. 1 (1893). 
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directly ascertaining the priyiortiona of the elements 
in such compounds, and chemists resort, therefore, to 
the chlorides, bromides, sulphates, and other com¬ 
pounds, as well as to th(^ direct examination of the 
hydridi's or oxides for the information desired. 
The ratio in which hydrogen and ox)ge 4 stand to 
each other in Wiiter is a matlc'r of such funda¬ 
mental iinixn'tanee, and the expcrimenlid jmice.sses 
employed are so inslrnetive, that a .short acesamt of 
them may he given here. 

All the early determinations of the eomiwsition 
of water hy weight were based upon the fact that 
copper oxide may he heated to re<tnc.ss by itself 
without decomposition or loss of weight, hut that 
in pre.sencc of hydrogen it yields copper, which 
remains liehind, and watc.T in vapour, which may 
he condensed and collectial in snitdile apparatus, so 
that its weight can be determined. Hence the loss of 
weight sustained hy oxide of copper healed in a stream 
of pure hydrogen would give the weight of oxygen in 
the water which is formed. The ditl'erenco between 
the weight of water and that of the oxygem in it gives 
the hydrogen. The first results of real value were 
ohtaineil hy Dnma.s, and were puhli.shed in 1H42. 

The figure, gWen in Dumas’ pajier in the Anmiles 
de Chimk, shows the ves.sol in which hydrogen was 
generated, tulies containing materials for purifying 
and drying the gas, a bulb containing pure cupric 
oxide, and a second bulb with connected tubes, in 
which the water formed is collected without loss 
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of vapour, carried away, by the escaping excess of 
hydrogen. The weiglit of the bnlti containing the 
oxide is detcnnini'd with great cure liefore the ex- 
[Kiriment liegins, and again at its close. Tlie weight 
of tlie bull) and of the connected tnl)e.s is also deter¬ 
mined when eni])ty, and after tlie (!ollection of the 
water. Many prciauilions .are necessary, and many 
were a(T,ually ailepled liy l)nma.s, but all sources of 
error (‘onld not be avoided at that day, even if they 
wore rccogni.sed. Some of the exiwrimcntal diffi¬ 
culties are obvious enough, such ns the impurities 
present in hydrogen obtained by the customary 
methods, the; difficulty of removing moisture from 
the ga.s, and the intrusion of air by leakage through 
the joints of the apparatus, the presence of impurities 
in tlie copper oxide, the uncertainty of the weigh¬ 
ings performed in atmospheric air, the (aindition of 
which lus to moisture, pre.ssuro, and temperattire varies 
from day to day. These atid others, unsuspected in 
Dumas’ time, have been consideri'd, and more or less 
completely met by later investigations. The results 
of these successive impiiries into the appliavtion of 
this method are given below: 


NnmoH (if Kx{>oriniontors. 

ComhiniiiK Weight 

Prolifthle 


of Oxygon. 

Error. 

Dumas .... 

. vymt 

± *0070 

£rdmann and Marctmnd. 

. iri’flTr) 

:t: •011.1 

Cook and llicharda . 

. 10-869 , 

-1--0020 

Reiser .... 

. 15*9514 

±■0011 

Dittmar and Uenderson . 

. 15-8667 

±•0046 

Noyes .... 

. 16-8966 

±■0017 

Leduc .... 

. 16*881 

±•0132 
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An entirely distinct metbod, involving the diffi¬ 
cult tusk of uniting oxygen to hydrogen, nud weigh¬ 
ing not only the wotor |)rodu(Xxl, hut the giuses 
themselves before eondiinatiou, wiis undertaken 
by Professor K. W. Morley. The hydrogen was 
absorbed by jialladiuni, and the niotal with the 
“oeehided” gas weigheil se|iaralclv. The oxygen 
was weighed in tin! gaseous form in eoinpensated 
globes, and the eomhination of the hydrogmi with 
the oxygon was effected by means of eloetric sparks, 
in an apparatus in which the resulting water could 
be collected and weighed, while the nneonsumod 
residue, whether of hydrogen or oxygen, could be 
collected apart and (h^termined, The result of a 
series of such exiicrinients gave for the couihining 
weight the value 

It-STttOJ ■00O-2H. 

One other important method, involving again a 
different principle, mu.st not lie oinitled: this is a 
comparison of the densities of tln^ twej gases, hydro¬ 
gen and oxygen, with the assumption, fully justified 
by abundant evidence which cannot he discussed 
at this point, that supixi.sing them to he true gases 
(sec Chapter IX), their densities would ho pro¬ 
portional to thojr combining weights. Oxygen and 
hydrogen are not, however, jierfcct gases, uniting in 
the exact rat'o of one volume to two volumes. As 
the combined result of very elaborate experiments 
conducted by Dr. Alexander Scott* and by E. W. 

1 Phil. Tram.. 1893. 
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Morloy,' the ratio is actually 1 to 20028, with a 
small probable error. This fact has to be taken 
into aci»unt in estimating the chemical combining 
weight of the gases from their relative (len.sities. 

A largo number of wi'igbings of tbi'.sc gases have 
been made liy sneecssivo generations of clnmiists 
from the tilings of ('avendish and laivoisier onwards, 
but the first detcrinination.s which attained to any 
considerable degree of accuracy were tho.se made by 
Uegnault about 184.'). The sulijoct has boon taken 
up again in recent years by Lord Rayleigh,“ and by 
Morloy, wbo.se work has already boon referred to, 
also by the late l’rofe.s.sor J. 1’. (iooko, .and others; 
the result being that the number finally adopted, as 
e.xpressing the density of oxygen, is appreciably less 
than tho miniber resulting from Uegnault’s and the 
other earlier estimations. In the end the results 
stand as follows: the vidue of the .symbol 0 from 
tho ayntho.sia of water is l.'i'HTfiO; from tho densi¬ 
ties of tho gases it is 1.5-87li9.'’ The number 1.5'88 
may therefore bo taken for all practical purposes as 
tho combining proportion of oxygen. 

^ a-lfficr. Journ. [3], ilvi. 220, 270. 

• "On the Densities of Mii; Priuc5|ial Ga}>c8” (/Voc. Roy. Soc.. 
liil. 134). 

• These are tho values oalculaled by Professor K. W. Clarke from 
all the best data combinofl. See SmUhitoriian Co7%$tant8 of Naturt. 
A Rttnlcvlntxom of tixt Atomic Wciyhts, 3rd ed. 
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lUOGHAPHICAL NOTKS 

Aiii^Dioo Avixiaduo (di Quare^ii.i e di (’errolo) wji« l)uni ut 
Turin, 9th August 1770, and died 9tli .lul)' 1850. Tliu immo 
Avo^adro appears to bo a modification of Arofiitia in roforunce 
to tlio functions discharged liy tiiu family in uarly times in 
connection with the lo^ml business of the cler^'y. Amedeo 
himself took the de^'roe of Doctor in Koclosia^ieul Law, and 
for some years was onjjuf'ed in the practice of the loj^al pro¬ 
fession. But from about lie be^an the serious study of 
mathematics, and in 18UU became Frofossor of lliysics at Vur- 
eelli. In 182u tliu first Italian chair of matliematical physics was 
in.stituted at Turin, and Avogadro hold this chair till the oml 
of IS22, when it s\a8 suppressed. In IH.'IJ tlio chan was re¬ 
stored, and after hein^' occui»ied by (.'aucliy for two jears it 
was ^dvon aj'ain to Avo^mlro, who held it till 185*1, when ho 
rctnod. 

[Ojiere Srclte ili Amnl/'n Ariiijnifu>. Published by the Academy 
of Sciences of Turin. Prefacixl l»y a Ixfo by Prof. .1 (Jnaresclii, 
19U.J 

Sta.MsI.ao C'\nmz/,ako was burn in Paleimo on 13tb July 
1826, the youngest of a large family. At tlie age of fifteen he 
began the study of medicine at Palermo, hut in 1845 he made 
the acquaintance of the physicist Meiloiii, and by his intro¬ 
duction became assistant to I’liia at Pisa, lleiicofurward his 
studies were devoted to chemistiy, though interru])ted by his 
taking part in the revolution in Sicily. Kscaping to Pans, he 
worked in the lalxiratory of ChevreuI, and joined Cloez in 
work on cyanogen chloride, which was puhlislied in the ('umjiU* 
Rend%t$ in 1851. Soon afterwards he was recalled to Italy and 
appointed Professor at tlio National ScIhhiI at Ab-ssandria. 
Here he discovered Iienzyhc alcohol. In 1855 Cannizzaro was 
appointed to tlio Chair of Chemistry in the University of 
Genoa, but once more he left his studies to join the revo¬ 
lutionary movement, under Garibaldi, which led ultimately to 
the unification of Italy. In 1661 he was called to the Chair 
olfCbemistry in Palermo, where he remained about ten years. 



110 THE PKOUKESS OF SCIENTIFIC CHEMISTRY 


In 1871 he wus appointed ^ the Chair in the now UnivorRity 
of liome, and this he retained, together with the position of 
Senator, till within a year of his death, which occurred on 10th 
May 1910. (^'anniz7.aro occupied himself with subjects drawn 
from ur^'anic chemistry, but his ({roat service to science consists 
in the tikdek of a C’owm of Chemiral Philotofhy, piiblished in 
1858, of which the principles were expounded in 1860 at the 
Chemical Congress at Oarlsruhe, and a^ain in 1892 at the 
Faraday Memorial Lecture ^iven bcfoie the Ciiemical Society 
in London. 

[OannizsMvro Memorial Lecture. W. A. Tilden. Joum. 
Chm. Soc., 101, 1677 (1912).] 

Frank WKHa.RHWcniTH Ci,arkk, LL.l)., D.So., chief chemist 
to the United States (Jeological Survey. 

•losiAii Fahmons Cookk, born at Boston, 12th October 1827. 
Krvin^^ UrofoRSiir of Chomi.stry and Mineralo^'y at Harvard 
Univorsity, (.^ambridj'o, M-ims. 

Ho died I2th Soptemlwr 1894. 

[Bio};raphical sketch by M. Bonjamin, Hck-uIi/h- Ainmcnn, 
57, 377 (1887).] 

Chaulks Fh6oi:iuc (ikumardt was born at Stijuibourg, 21st 
August 1816, the son of Caul (lurhardt, a chemical manu¬ 
facturer at Horne. Hu early shewed a taste for chemistry, 
and attended the lectures of Professor Erdmann at Lcipzic. 
Owino to a (piarrol with his father he enlisted in a regiment of 
Chasseurs, but after a short service regained his freedom w'itli 
the assistance of a friend. He tlien proceeded to (iiesson, and 
worked under Liebig’s direction for eighteen months. In 1838 
lie went to Pans, and commenced rosearclies on euminic acid 
and other compounds at the laboratory of the Jardin des 
Plantes. In 1844 ho was apjH>inte<l Professor at Montpellier, 
but after four years he altandoned his chair and returned to 
Paris, where he established a laboratory of his own. In 1856 
he was nominated Professor to the Fucultya of Sciences at 
Strasbourg, hut after a very short illness he died on 19th 
August 1856, just as ho had completed his great work on 
Organic Chemistry. 

(Obituary, Quarterly Jotirn. Chm,. iSbr., 10,187 (1885).] 
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August Wilhelm von Houma;jn was born in Giessoti, 8th 
April 181K. He matriculated af the University, November 
1836, and took his degree August 1841. He continued to work in 
Liebig’s laboratory, and in 1843 published his first research on 
coal tar, in which he proved the identity of llnngo’s kynnol with 
Fritsche’s Ho thou bocanie first assistant to Liebig, 

and in 1845 was appointed Extraordinary Vrofessor in the 
University of Honn. In the eanio year the Royal College of 
Oheinistiy was founded in London, and Hoftnann was invited 
to become tlie first professor. In 1865 Hofmann was appointed 
to the Chair of (Chemistry in the University of Berlin, He 
died suddenly, Otli May 1802. ILdmann’s very extensive 
researches related chielly to the production an<l properties of 
the organic bases, espe<-iHlly aniline and its derivatives, includ¬ 
ing some of the artitit ial colours. 

[Hofmann Menioiial Lecture. Playfair, Ahid, Perkin, 
ainl Armstrong Jouru. ('hm. Soc., 0!), 575 (1896). Also 
“ Sondorheft,” //rr. i(. heiit. ('hrm. f!cn, 190*2 ] 

Hi;iim.\nn Koi’i', horn at Hanau, 30th ()j!l<jher 18I7, the son 
of a physician. He studied chemistry first at Hci<ielherg under 
(i'inelin,hutgra<luated at Marburg, lu IHJI bo Iwcamopri'wtf- 
dwenl in the University of friesseii. On removal of Liebig to 
Munich, Kopp and Will were appointed professors, with joint 
charge of the laboiatory. In 1803 Kopp accepted a call from 
Heidelberg, where ho remained till his death on 2t>th February 
1892. 

[Kopp Memorial Lecture. T. E. Thorpe. Jonrn. CVicia. Noc., 
63, 776 (1893).] 

John William Mai.lkt, F.U.S., was horn near Dublin, 
10th Oct. 1832. He wasoduwrted at Trinity College, Dublin, 
and in Gottingen under Wohler. About 1854 he went to tliu 
United States, wifere ho r>ccupied successively a number of 
offices, ultimately becoming Professor of Chemistry in the 
University of Virginia. He took part in the Civil War from 
1861 to 1865, hut he never became naturalised as an American. 

He died in Charlottesville, Virginia, 7th Nov. 1912. 

[Obituary by Theodore W'. Richards, ./eum. Chem. Sue., 103, 
760 (1913).] 
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Edwaui) Williamh Morli^y, Sc.D. (Yale), Profeaeor-Bineri- 
tu8 in the Western Reserve \jniversity, Cleveland, Ohio. 

Wii.i.iAM OinjN(}, M.A., F.R.H., Waynfleto Professor of 
Chemistry in the University of Oxford. Retired 1912. 

'I’hkoi’iiii.k .Ii lks Pki.oozk, born 25th February 1807 at 
Valojiiies (Dop. Uu Maiifhu). Polouze boj^an life in connection 
with pharmacy, but having piinud admission to Gay-Lussac’s 
lalKiratory, lie dovotud himself oxcdiisivoly to chemistry. In 
18J10 he became for a time As.sociate Professor to the Munici¬ 
pality of filllo. Later he Injcamo Professor at the f^olo Poly- 
technique. and in ISoO succeeded 'riienaid at the Collide do 
Krunee. In 1818 lu; also hocamo President of the Commission 
dos Monnaies, and c.irrieil out the recoinino of the silver 
and copper. 

Ho died Hist May 18ii7. 

{Obituary, i'lufin. xxv. (I808).| 

Ai.kxis Tii^RfcsK Pkut, born 2mi October 1791 at Vcsoul, 
died 2lst June 1820 in Paris. Student, and later Professor of 
Physics at the Kcolo Polytcchnique, Paris. 

f Pogjiniidorirs Hanihrorlrrhiti-h.l 

Wii, 1 . 1 AM Phoi't, born 1785. M.D. of Edinburgh, 1811. 
Physician. Uo died in 1850. 

[Ih'ctioiuu-ji '»/ Nutiomil /iiw/ru^Jii/.J 

Ai.kxandku Si'oTT, D.Sc. Edin., F.K.S. From 1896 to 1912 
Superintendent of tlie Davy-Faraday Ijaboratory of the Royal 
Institution. 

Jkan Skrvais Star was horn at liouvaift on the 2l8t Aug. 
1813. He graduated as D<xitor of Medicine, hut never practised. 
Having gained admission to Dumas’ lalN>ratory in Paris, and 
with him woi kod on a number of organic compounds, he joined 
Dumas in redetermining the atmnic weight of carlKUi. In 1840 
Stas returned to Belgium to enter on the Professorship of 
Chemistry at the flc<*lo Royale Militaire. He afterwards held 
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for some time a position in the Belgium mint. Ho died on thu 
tSth December 1891. * 

[Stiis Memorial Lecture. J. W. Mallet. Journ. ('hm. N(K., 
63, I (1893).] 

Alkxandkr Wii.r.iAM Williamkon was born at Wandsworth, 
let May 1821. In 1840 be began study of chomistry 
under Gmelin at Heidell>erg, but in IK44 he wont to Giessen, 
where he remiiinod two yo.irs, working cbii tly with Liebig. 
In 1846 he went to Raris, and studied in.ttboinatics with Auguste 
Comte. In 1849 be was apimintod to succeed Fownos as Pro¬ 
fessor of Practical (’homistry in I'niviirsity (^dlogo, Ivondon, 
and boi'o be proiluood bis memorable work on “ Kthoi ification," 
and other papeis on the ‘‘(’institution of Salts,” in which tbo 
idea of tlio “ w.iter type” wan set foitb. On (iraliam’s retiro- 
ineiit Williams<m underto<ik the duties of the chair, which he 
ret.unud till 1 8 h7. Ho died at his liousi* at llitnlhead, 6th May 
1904. 

{Ohituarv by (• ('aiey Ko.ster. Journ. ('h<m. H7, 606 

'um).] 
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CHAPTER IV 

NUMKRICAI, RELATIONS AMONC. THE \TOMIi; WEIGHTS: 

CLASSIFICATION OF THE ELEMENTS 

It may bo inforroil, from wliat has lieoii stated in 
the prcocdiii)' cliapter, that the process of doter- 
mininj' an atomic weight resolves itself into two 
parUs, namely, iho exact dctormination of the con- 
hining proportion, or, as it wins formerly called, the 
oqnivalcnt, and the nmlliplication of the equivalent 
hy a factor, 1, 2, 3, or 4, derived from the applica¬ 
tion of the law of Avogadro, tho law of Diilong and 
Petit, or from some other consideration, according to 
tho circiimstanccs of tho ca-so. 

A eompleto digest of all the determinations of 
modern times has hcen prepared hy Professor F. W. 
Clarko, and puhli.shcd as a volume of tho ‘ Constant.s 
of Nature,” hy tho Smithsonian Institution, Wash¬ 
ington (third edition 1910), and the nninliers have 
been generally adopted hy tho International Com¬ 
mittee and issued annually in tables published by 
the English and German Chemical Soejeties. Some 
of these values are probably inexact, but they 
represent the best estimate which can bo made in 
the present state of knowledge. 

114 
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The hypothesis put forward by Front early in the 
century has been a fruitful source of discussion, and 
even at the present day is regarded by some cbemists 
as hardly yet disposed of. Front supimsed that the 
atomic weights of the clomeiits arc multiples by 
whole numbers of the atomic weight of hydrogen; 
but in consoquenco of the aUmiie weight of chlorine, 
according to the expcrimenls ol' many chemists, 
invariably coming out midway between I),') and 3(i, 
it is obvious that the [irinciplc thus expressed is 
untenable, t.'onscquentrly it was suggested, first, that 
the hy|)othcsis might be modified by making one 
hall the atomic weight of hydrogen, and subse¬ 
quently one fourth the atomic weight of that element, 
the unit. Stas began his researches with a strong 
prepossassion in favour of Front’s hypothesi.s, hut 
the re.snlts of his protracted labours, by far the most 
trustworthy of all the systematic investigations of 
the subject which we posse.ss, only led him to regard 
it as improbable that any such relation among the 
atomic weights really subsists. 

A large part of the interest attaching to this sub¬ 
ject arises from its association with the question as 
to the probable nature and origin of the chemical 
elements. On the one hand, each of the elemen¬ 
tary hodias may represent a separate creation inde¬ 
pendent of fll the rest, and having nothing in 
common with them. On the other hand, supposing 
a relation can be traced between the masses of 
the atoms of which different elements are composed. 
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then it is open to inqijiry whether they may not 
have had a common origin; whether they may not 
represent several stages in a formative or evolutionary 
procoa.s, o[)crating upon a i)rimitivo simple material; 
and whether in that ca.se it may not he possible to 
tran.sform one into another hy the operation of 
agencies within the range of [iraeticahle experiment. 
Some aeciount of modeni .speeidations on this sidijeet 
will he given in a later chapter. 

It had long heen noticed, and specially pointed 
out hy Doherciner in IS2I), that when families of 
elo.soly allied elements are examined they are com¬ 
monly found to consist of thri!e memhers, for e.\- 
amplo chlorine, hromino, iodine or sulphur, sclcnion, 
tellurium or lithium, .sodium, potassium; and that 
in such cases the values of the atomic weights are 
so related that the middle term of the series is 
nearly the arithmetical mean of the two other 
terms. For example: 

2 2 

lint no general discussion of the subject possessing 
much interest appc.arcd until IS,58, when Dumas 
published a most interesting Menioire. mr les Equi¬ 
valents des Corps Simples.' 

In this memoir Dumas drew attention to the 
analogy which may be recognised between series 
of closely related elements and the known series 
of compound radiclo.s .such as methyl, ethyl, propyl, 
‘ Ann, Chim. Phyt. [3], 66,129. 



HOMOLOGOUS SKRIES 


117 


rv) 

&c, of which so many cxar.jplcs occur among carhon 
compounds. Thii.s, regarding hydrogen as the first 
member of the scries, and writing oguivalent- (piantitics 
of the liydrocarfion radichs in succession with tlieir 
combining weights, wo have - 


Hydrofjon 

11 

1 

Muthyl 

(’If. 

ir> 

Ethyl 

(Ml, 

'Hi 

frcpyl 

c'lL 

43 

Butyl 


Hi 

Amy! 


71 

Ac. 


ttc. 


Hero it is obvious I, hat in |)as.sing from term to 
term thero is a common difference of I t units, and 
reprc-scuting tlie value of I, lie first term as a, and the 
difference as </, the value of any single term may lie 
e.\|ircs.scd by (i+nil. Hence, on taking three terms 
at equal distances in the series, it is found that the 
combining wciglit of the intermediate term is the 
aritliinotical mean of tlic combining weights of the 
other two. For example, W is etpial to the sum of 
29 and 57 divided by 2. Dumas also drew atten¬ 
tion to the fact that in such a series combining 
proportions reprc.sented by such numbers as 141 
and 2H1, 127 and 25!i, stand so nearly in the 
relation of 1 to 2 that if they liclonged to substances 
supposed to be elementary, and not known to be 
compound, it would almost certainly be inferred 
that this actually represented the ratio of the one 
to the other. Relations very similar to these are 
traceable among thq members of the several reeog- 
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niscd natural fainilias the elements, and Dumas 
was able, with the atomic weights accepted at that 
time, many of which hiwl been corrected by his own 
experiments, to represent several series by formuhe 
of this kind. He further showed that, on placing 
certain of the.se groups side l)y side, a common 
difference ran through tho successive terms of the 
parallel series. For example: 


F’liuirine, F . 

. 1!) 

Nitro^oij, N 

. 14 

(Miloriiio, Cl 


Phosphorus, P. 

- 31 

Brontino, I’r . 

. HO 

Arsoiiio, Ar . . 

. 7!) 

luiliiio, r . . 

. 127 

Aiitiiuony, *Sb . 

. 122 


Hero the difforouce hotwocu each term of the 
halogens and the correspoudiiig moiuher of tho 
nitrogen series is, with one exco|)tiou, o.xactly .5. 
Ixitor determinations have, however, .so modified 
these numbers that the difference is no longer 
constant throughout. Tho {piostion of the numerical 
relations among tho atomic weights was not long 
suffered to remain at rest. Many writers had drawn 
attention to various cases of individual or serial 
peculiaritio.s, but so long as tho atomic weights of 
tho elomonts remained uncoordinated with a com¬ 
mon standard, it is ol)vious that no substantial 
progress could be made. We have seen in tho last 
chapter how, by tho recognition of the law of 
Avogadro and of tho law of Dulong apd Petit, the 
atomic weights were ultimately systematised; and 
almost so soon as this was accomplished a very 
remarkable discovery was made, which ultimately 
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brought tlio whole of tho^ known elements within 
one comprehensive scheme. This scheme, which is 
usually incorrectly referred to as the " periodic law,” 
is biwed ui)on a principle which would more appro¬ 
priately receive that designation. The principle 
which is now generally rccogni.sed may be oxprassed 
as follows: ]f the, elemenln an (triKiifii'd in the tmler 
of the nu'iiwricnl. of theii- otomir weiyhte, their 
proj)erlie8, jihyeieal (ind ehrioind, (jenendly vary in 
(I reevrre.nl or periodie manner. 

Wo will now endeavour to trace the successive stops 
which have led up to this generalisation. The exist¬ 
ence of Iriails of clo.sely related elements, as already 
stated, bad long been recognised; and an extension of 
this idea, recalling the properties of homologous series, 
had been discus.scd by Dumas, with results alrea^ly de¬ 
scribed. l!ut the various series of elements remained 
!is .separate .series, disconnected one from another.' 

In July 18CJ a pper was communicated to the 
CItemical Newe by Mr. John A. 11. Nowland.s, in which, 
in the counso of discussing certain supposed regulari¬ 
ties in the atomic weights of the elements, ho drew 
up a list of all the then known elements in the order 

‘ A cliiim was pyt forward some jearn ago by Mp.<i8ienr» Locoq 
clc Boitl)audran and Lapiiarent in favour of A. E. B. de Cbancourtoif, 
for asbare in the credit of having originated the idea of the |>enodic 
relation of prof^rtiea to atomic weights among the chemical ele* 
menu. In lii62'63 M. de Chancourtoia, a gcologint and engineer, 
presented a series of |«[>er8 to the French Acadimie des Sciences, 
which were collected together in 1863 under one title, “ Le Vis 
Telluriqoe, classement natnrel de'^ eorjis siiiiiilcs ou radicauz obtenu 
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of the numerical value of their atomic weights, and 
in the month following he was led to announce, 
with reference to this table, the existence of a 
simido relation among the elements so arranged. 
Numbering the elements in order, hydrogen 1, 
lithium 2, gliicinum .'i, boron 4, and .so on, ho pointed 
out that “ the eighth clement, starting from a given 
one, was a sort of repetition of the first, or that 
elements belonging to the same group .stood to each 
other in a relation similar to that between the ex¬ 
tremes of one or more octaves in music.” 

Almost immediately after this, namely, in October 
of the .same year, an interesting paper appeared in 
the (imiHniy JnuTmtl of Sciunce (vol. i. p. 042), by 
Dr. Odling, on “The Proportional Numbers of the 
Elements,” in which he pointed to the marked con¬ 
tinuity in the arithmetical series, resulting from an 
arrangement of the whole of the then known ele¬ 
ments in the order of their atomic weights, or 
“proportional numbers,” as he preferred to call 
them, the only exceptions to the very gradual in¬ 
crease in value of the consecutive terms being 

aa niojeii d’un Systdme do Cliuisificalioii helicoidal ct numeriqiic/’ 
fiy coiling a helix with an angle uf 45* round a cylinder divided 
vertically ioto sixteen cqnul parts by lines drawn from the circular 
base, the b<‘liz cuts these lines at equal distances in its ascent, and 
the points of intersection were supposed to represent the atuinic 
weights of elements which differed from one another by 16, or 
multiples of 16. The author seems to have bad the idea that 
properties arc in some way related to atomic weight, but this 
idea was so confused by fantastic notions of bis own, that it is im¬ 
possible to bo sure that he really recognised anything like periodicity 
in this relation. 
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ODLING’S TABLK OF ELEMENTS 
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manifested between the numbers 40 and 50 (Ca 
and Ti), 05 and 75 (Zn and As), !)(> and 104 
(Mo and Ro], I8H and 1K4 (Ta and W), ]H4 and 
11)5 (\V and Mb), and 210 and 2HI'5.(Ri and Th).' 
In this |)a()(;r Odling sliowe<l that ibis purely arith- 
nicLi<ial scriation may he made to agree witli an 
arrangeinont of the elements ;u eordiog to their 
generally recognised aftinities, and be drew up a 
table, of which the following is a revised version, 
published in Walls’ Didioiuirji of Chi"mintrij (vol. 
iii. p. !)75), only a few monlhs laler: 
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Here manganese stJinds proxy for the iron metals, 
and platinum and pallatlium for their respective 
congeners. ' 

' MosL of thcsi: breaks are now accuunU-it for bv the cxtKl.encc of 
elements discot *re(l since that time, and with atomic weights 
approximately as follow*, viz. 8c = 44. Oa-’b, and Ge = 72; the 
earth metals, La=:13d, Ce=140, Praaeodyiuiiim = Fr=-141, Neo> 
dymitim=:Nds:U4. Sm=150, Tb-159, Eb= ItW, while Ta is now 
181, and Nb 94. 
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Towards the end of^ihis paper, the author drew 
attention to the large niiinber of instances in which 
the atomic weights of proximate elements differ 
from one another by 4S or 44, or 40 or l(i, and 
remarks: “ Wo cannot help looking wistfully at the 
number 4 as embodying, somehow or other, the 
unit of a common dill'eroiKte." ' From this it would 
appear that something analogous to the idea of homo- 
logy, which had attracted Dumas, was hovering in his 
nund. 1 n conclusion, the pregnant observation occurs 
that “ among the members of every well-defined group, 
the sequenco of i)roperties and sequence of atomic 
weights arc strictly parallid to one another.” 

In August IHti") Mr. Newlands again wrote to the 
Ckemioal Newn (vol. xii. p. 8:i), as follows: “If the 
olenients are arranged in the order of their equiva¬ 
lents, with a few slight tran.spositions, as in the 
accompanying tivble, it will be observed that elements 
belonging to the same group usually apjiear in the 
■same horizontal line. 
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JVoIe,—When two elements happen to have the same cqaivalent. 
both are desinfnated by the same number. ^ 


' From the more exact valuer for the atomic weights to be given 
later, it will be seen that these differences are but roughly repre* 
sented by these whole numbi^rs. 
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It will also be seen that tbe numbers of analogous 
elements generally (litter either by 7 or by some 
multiple of 7; in other words, memlairs of tbo same 
group stand to eaeb other in the same relation as 
tbo extremities of one or more octaves in nmsio. 
This relationship Newlands proposed to call the 
'■ Law of Octaves.” 

The following year the .same chenii.st brought the 
relations which Ins had observed to tho notice of 
the Chemical Society of London, and produced a 
table similar to' the above, with a lew alterations, by 
whi(!h mercury was brought into the same line with 
cadmium, lead into the same line with tin. He also 
used atomic weights ((alcidaled on <'annizzaro’s sys¬ 
tem, .so far as known facts woidd ))(!rmil. The time, 
however, had not arrived for the general acceptance 
of ideas of this kind, obscured as tiny ncces.sarily 
were by imperfe((t knowledge, both of atomic weights 
and of the inter-rolation.s of the elements as to 
proportie.s. The Chemical Society in 18(j0 wore dis¬ 
posed to l.augh at Newlands and his “ law.” Twenty- 
one years later tho Royal Society awarded him the 
Davy Medal for his discova.'ry. 

Others, however, .soon took u]( the question in 
a very siwious .spirit, and with leas of tho hesita¬ 
tion which had characterised tho treatmont of the 
subject up to this time. This aro.se concurrently 
with a feeling of greater confidence in the re¬ 
vised system of atomic weights, which hy the 
end of the decade 1860-70 were quite generally 
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adopted, at any rate in ^England and Germany; and 
probably out of tliis confldonce was gradually de¬ 
veloped some idea that the relations already noticed 
did indeed corre.s|)ond to some profound physical 
law relating to tlie nature of the elements. In 
March 18C!), I’rofessor I). Mendeleoff communicated 
a paper to the llussian Ghcmical Society,' in which 
ho sot out an arrangement of the elements in a 
table having considerable rosomblance to tho table 
drawn u|) by Odiing five years before. 


MkndbliSkfp’s Tablr op the EIkments, 1S09. 
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In commenting upon this table the Gorman ab¬ 
stract,' which is alone accessible to English, and 
presumably also to most Gorman r^ors, repre¬ 
sents the author’s view by the following words: 
“ 1. Die nach der Grbsse des Atomgewichts geord- 

* ZritKhrift/lir Chemie, 1869, p. 40G. 



IV) LOTHAB MEVEK’S VIEWS 125 

neten Elemente zoigon eine ^tufenweise Abanderung 
in den Eigenschafton." This appears to contain an 
im)X)rtant error of translation, for Mcndeb'off, in 
a conmmnication made to the liorlin t'liemical 
Society' u|«)n the history of the i|iiostion, explains 
in a footnote that the woril whicli in tlie lin.ssian 
original moans period ixi'hr, has heen reialerod ulufrti- 
weiv (gradual, or liy degrcesl. It iniisl-, however, he 
remarked that the lahio does not so obviously sug¬ 
gest periodicity of properties in the elements so 
arranged, as ihats New lands’ earlier, t hiaigh con¬ 
fessedly imperfect, at.tem[it. 

In this paper Mendeleetf pointed <ait that the 
discovery and properties <if elements then unknown, 
as for example analogues of silicon and aluminium, 
might Ijc predicted ; and further expre.s.si;<l the con¬ 
viction that such a system might ho applied to the 
correction of iitomie weights, citing a-s an example 
the ca.so of lellurinm, which, according to this view, 
ought to have an atomii’ weight smaller than that 
of iodine. 

In Dei'cmlier hStitl, hotliar Meyer, then professor 
in the l’olyt<.'ehnic:nm at I 'arl.sruhe, ((inlrihntcd a 
paper to Liehig’s ylnao/ea,"entitled “ Die Nalnr dcr 
t-'hcmischon Elemente als Function ihrer Alom- 
gewichte,” in which, after giving a table of elemcnta, 
with their atomic weights, which he described as 
substantially identiud with that of Mendelecff, he 

’ BerichU tUr DtMUch. Chen. 6Vii.. 4, 351 (1871). 

’ Suppiement, vi. and vi)., 1870, p. 354. 
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pointed out that from the table it may he deduced 
that the properties of the elements are generally 
a periodic function of the atomic weight. This obser¬ 
vation .seems to show that the periodicity did not 
become apparent to Meyer, at any rate, till the table 
of Mendeleeff had been subjected to the modifications 
introdiKwd liy Meyer, and shown lielow: 
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Oliviously in ihi.s sclicmo llic same or similar 
properties recur when the atomic weight is increased 
liy a certain amount, which is first Hi, then about 
46, and afterwards amounts to 8S to 92 units. 
This had boon noticed by Odling and others pre¬ 
viously, but Moyer got a step further when ho 

pointed out (loc. cit, p. 3HH) that, the combining 

capacity of the atoms rises and falls regularly and 
equally in two such series as the following: 

Unlv*lent. liiv. Triv. Qutiiriv. Triv. Ulr. I'niv. 

Li Bo B C N 0 F 

Na Mg A1 Si PS Cl 
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HENDELEEfF'S FKEDICTIONS 


IZI 


A complete and triumph|nt vindication of the 
principle of periodicity is provided by the graphic 
representation of the relation of atomic volume to 
atomic weight, drawn up for the first time by Meyer 
at the end of this ])apor. The diagram ho gave, and 
of which a |jortioii is reproduced on tin.' opposite 
page, sp(,'aks for itself 

It is evident, (ben, that t.lie loneeplion of the 
periodic relation gradually and independently took 
■shape in the mind of more than one ehend.st during 
the peri(Hl we have hail under review, lint it would 
be onlv ju.sl to point out (bat adepdi of eonvielion, 
wbieb almost amounts (,o in.spiration, carried Men- 
deleelf further in the .study and application of the 
principle than any of his prcdeecasors or contomjto- 
rarie.s. In August 1K71 ho drew up a complete 
exposition' of the prineiple, which he henceforth 
calls the periodic liar, and of (,he deductions which 
may be made from it. And here for (be first time 
appeared the lahlo which, in some form nr other, is 
now to be found in the )iagos of nearly every text¬ 
book of theoretical chemistry, and which is now 
employed as the most generally received basis of 
classification of the elements. The table is repro¬ 
duced in this original fonn in order to show how 
great an advance it represents in the dcvelojmient 
of the fundamental idea. 

In connection with the discussion of this scheme, 
MendeleefTs most brilliant achievement was its appli- 
* AnnaUn, Supplem., viii. p. 133 (1372). 
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cation to the prediction of the properties of elements 
yet to be discovered. "When," ho says, in one of 
the characteristic footnotes in his Principles of 
Chemistry (vol. ii. p, 25), “in 1871 I wrote a paper 
on the application of the periodic law to the determi¬ 
nation of the properties of yet nndiscovorod elements, 
I did not think I should live to see the verification 
of this consequence of the law, hut such was to be 
the case. Throe elements were describcil, eka-ljoron, 
eka-aluminium, and cka-silicon; and now, after the 
lapse of twenty yeans, 1 have had the great pleasure 
of .seeing them discovered and namcit after those 
countries wdierc (ho rare minerals containing them 
are found, and whore they were di.s{:overed -Gallia, 
Scandinavia, and Germany." Mondoleefl"s oka-horon 
was called by Nils(pn. it.s di.scovercr. .Scandium; the 
representative of eka-aluminium was discovered in 
the zinc-blende of the Pyrenees by beco(| dc Hois- 
baudran in 187.5, and named Gallium, while a new 
silver ore at Froilicrg yielded, in the hands of 
Clemons Winkler, a new meUd, which ho recog¬ 
nised as the representative of cka-silicon, and to 
which ho patriotically gave the name Germanium. 

The process which led Mendel&ff to this remark¬ 
able result consists, naturally, in the c.areful study 
of the properties, not only of the series in whieh the 
unoccupied place occurred, but also of the proper¬ 
ties of the neighbouring series, and of their mutual 
relations. A few facts may be given to show the 
nature of the conclusions to which ho was led in one 
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case, and the extent tf> which they were afterwards 
justified. 

To eka-silicon Mendeleeff assigned, in 1871, the 
atomic weight 72. Ho described it as a difficultly 
fusible, dark grey, metallic substance, which in the 
state of powder would pass at a red heat into the 
difficultly fusible oxide EsO.,. The specific gravity 
of the oxide would bo about 47, and .similar in 
appearance, perhaps in crystalline form, to titanic 
oxide. The metal would act on steam only with 
difficulty, and on acids slightly, thongli more ea.sily 
on alkalis, while the oxide would display more 
decided acidifying power than titanic oxide. The 
tlnorido, RsF,, would be volatile, but not gaseous at 
common temperatures. The chloride, EsCl,, would 
bo a volatile liquid, boiling at a temperature about 
100”, probably somewhat lower; and there would 
bo a tetrothido, E.sEtj, with a boiling point aliout 
160°. 

Germanium is described as a greyish white, 
lustrous, very brittle metal, which melts at about 
900°, and crystallises in regular octahedrons on 
cooling. It is unchanged in air at ordinary tem¬ 
peratures. but is oxidiseil when heated in a state 
of powder. It dissolves in sulphuric acid, but 
not in hydrochloric acid. The oxide, GeOj, is a 
dense white powder of specific gravity 4 7, slightly 
soluble in water, producing a solution which has a 
sour taste. The oxide dissolves readily in alkalis. 
The fluoride is a volatile substance, probably solid. 
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The chloride, GeCl^ is a colourless liquid, which 
boils at 86°, and the tetrethide, GeEtj, is a liquid 
which boils at 160°. The atomic weight of ger¬ 
manium is 71'93 when H = l. 

That the periodic .system of tho elements stands 
for something wliich is actually biuscd on natural 
physical relations, no one can now be supposed to 
doubt. It brings into view a number of facts in 
tbo chemical hi.story of the elements which would 
othonvisc be less apparent, and it does undoubtedly 
.support very strongly the idea that all the elements 
included in Meudclcelf.s and Meyer's .synopsis belong 
to one .sy.stem of things, and perhaps have common 
constituents, or may have ari.scn from a common 
origin. Ncvcrthole.ss. such a synopsis is encumbered 
with .some diffiiadtics, which have not yet been satis¬ 
factorily accounted for. Tho fundamental idea of 
tbo .scheme is the periodic “law,” which aaserts that 
the properties of the elements are dependent upon 
their atomic weights. If that were strictly true, 
tho existence of two elements having the same 
atomic weight, but different properties, would bo 
impossible. Hence the relations of such elements 
as cobalt and nickel, ruthenium and rhodium, are 
far from clear Jn the original table. And even 
if we substitute for the round numbers used by 
Mendeleeff in 1871 the values for the atomic weight 
which result from all tho best recorded experiments, 
so that these coincidences cease to be exact, the 
difficulty still remains that several elements—iron. 
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nickel, cobalt, ruthenium, rhodium, palladium, 
osmium, iridium, platinum—are not provided for. 
In some cases the peculiarities of individual elements, 
and their relations to others, could never have been 
suspected from their po.sition in the table. The 
case of thallium is one of the most notable. This 
metal has a very strong resemblance to lead, but its 
sulphate, and several other salts, are entirely unlike 
the corresponding compounds of load, but, on the 
other hand, agree clo.soly in characters with the 
compounds of the alkali metals. Lead itself stands 
in a similar relation to the metals of the alkaline 
earths. The positions of thallium and lead in the 
table would scarcely have suggested these characters, 
if these two elements had been previously unknown. 
Helium, argon, and the rest differ from all other 
known sidistancos, elementary or compound, in their 
extraordinary ehariu'teristic of chemical inactivity, 
of which no prognostication is to be found in the 
almost innumerable memoirs relating to the atomic 
weights of the elements published previously to the 
discovery of argon. It must of course be remem¬ 
bered, however, that since the di.scovery of argon 
and helium, tho giuscs of the atmosphere and those 
obtained from minerals have bepn submitted by 
Ramsay to a special .search, with tho object of dis¬ 
covering other clemenls of intermediate and higher 
atomic weight, and his labour has been rewarded by 
the recognition of neon, krypton, and xenon, as 
already ihentioned. But the endeavour to introduce 
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those new subsUiicos into tho periodic scheme has 
been but imperfectly succcasful; for such arrange¬ 
ments as tho figure of eight proposed by Crookes' 
involve some violence to natural lussociations, hydro¬ 
gen, for example, being separated from idl the metals, 
and made tho first member of a group in which the 
halogens follow. 

Several other way.s of displaying grajihically tho 
relations among tho atomic weights have been pro¬ 
posed, and of those one of the most interesting is tho 
logarithmic spiral of Johnstone Stoney, of which a 
new version was produced after the discovery of tho 
argon group.^ 

Another point is worthy of notice in a di.scussion 
of these figures, Tho numerical amount of tho 
differences observable between elements which are 
consecutive in the list vary very much. Tho smallest 
difference appears to lie between nickel and cobalt, 
and to bo equal to about 0'29; while there are many 
ciuses where tho difference amounts to lietwecn 4 
and 5 units or more, as, for e.\ample, (,’u —( b=4'6, 
Sn —In = 4'2, Cs —1 = .5’89. The point, however, is 
that tho transition from the even to tho odd series, 
as, for example, from fluorine to sodium, or from 
chlorine to potaisium, or from bromine to rubidium, 
is not marked by a difference noticeably greater, or 
less, than is ohsorvable in many other parts of the 

' Pmc. Roy. .'in-. (!:i. 40H (189S). 

• Wif. jraj.[C|. 4.ill (1902). Also/'roc,/toy. .SV„S,5,471 (1911), 
will) remarks by Isittl Kayli'i)rb. 
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list of elements. The • ninth series in MendeWeffs 
table has been filled up by some of the elements 
derived from the so-called Swedish or rare earths. 
The atomic weiffhts of some of the.se have been 
determined with .sufficient show of probability to 
allow of their finding provi.sional places in the table. 
Among those may bo mentioned praseodymium 
140'6, neodymium 144'3, samarium gadolin¬ 
ium 157'3, terbium 159'2, erbium 107'7, thulium 
168'5, ytterbium 172. But the position of these ele¬ 
ments in the scheme i.s still a .subject of debate and 
a source of difficulty in the attempt to apply rigidly 
the principle of periodicity. 

From all that has gone before, it may readily be 
supposed that many speculations have been put 
forward as to the origin of the elements, or in ex¬ 
planation of their assumed complex nature. Of 
these, one of the most serious, though by no means 
the earliest, is embodied in a paper communicated 
to the British Association by the late Professor 
Oamolloy.‘ It is typical of a whole group of these 
speculative compositions, but is more carefully worked 
out than many of the rest. The author proceeds 
upon the assumption of ut least two primal elements, 
A and B, which, by their combination in various 
proportions, gave masses approximately equal to the 
atomic weights of the known elements, which are 

* “ Sa{^estioQ8 as to the cause of the Periodic Law and the 
Nature of the Chemical Kleincnts."—1886; 
Chemical Nem, 1886. 
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regarded as analogous to hydrocarbon radicles: but 
even this scheme, attractive as it is on the whole, 
requires us to assume for B a negative weight equal 
to something between - 199 and — 2 00. It can¬ 
not be forgotten that a somewhat similar device 
was the last refuge of the declining theory of phlo¬ 
giston more than a century ago. 

There seems to bo a general disposition at the 
present time to revive and rehabilitate the ancient 
notion of the unity of matter, and its derivation 
from a common prothyl (irp&ni, first; CAij, stuff or 
matter). 

“ All the world which fill 

Of but one stuff are spun.” 

This idea has laien made the text of an interesting 
addre.ss by Sir William Crookes, on the “ Genesis of 
the Chemical Elements.”* It has also for many 
years been the guiding principle of a .series of re¬ 
searches, by Sir Norman Lockyor, on the spectro¬ 
scopy of the sun and stars. According to Lockyer, 
the elements, as known to terre.strial chemi.stry, are 
more or less completely dissoeiated into substances 
of simpler constitution at the high temperatures 
prevailing in the.se bodies and their gaseous atmas- 
pheres. It seems fully cstablisheil that the greater 
number of the lines exhibited by the spectra of 
common metals, such as iron, calcium, manganese, 
are wanting in the spectra of the hotter stars; while 
a small number of such lines remain, accompanied 

> Brililh AtsocitUion BfporU, 188C. 
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by Other lines not recojfnisable as belonging to any 
known terrestrial element. And when the spectra 
of certain stars are ranged in the order of what is 
supposed to bo ascending temperature in the series 
of stars, there is a progressive disappearance of the 
old, and appearance of the new lines, corresponding 
to this progreasive dissociation. Some experimental 
evidence is needed that dissociation of the elements 
docs actually occur at the high temperatures now 
obtainable under laboratory conditions. 

Tho aasociation of the ultimate particles of 
prothyl must bo supposed to be accompli.shed by 
a process comparable with that which in ordinary 
chomistiy' is called “polymerisation.” This implies 
tho association together of a number of particles, 
elementary or compound, into groups. No con¬ 
sideration, based on tho extreme minutenc,ss of 
atoms,' need deter us from admitting such a concep¬ 
tion, because, after all, what wo call size, great or 
small, is relative only to tho range of human measure¬ 
ments. Tho discoveries made within recent years by 
Sir J. J. Thom.sou and his school, to be described in 
a later chapter, have thrown an entirely now light on 
tho structure of atoms; and it seems that the Bos- 

* Tbo estimate of Lord Kelvin, though familiar, maj be recalled 
tu the reooUection of the reader: “ Imagine a globe of water, or 
glaai, as large at* a football (or say a globe of 16 centimetres dia* 
meter), to be magnified up to tbo size of the earth, each constituent 
molecule being magnified in the same proportion. The magnified 
structure would be more coarse-grained than a heap of small shot, 
but probably less coarse-grained thanaheapof footballs.”—Lecture 
at Royal Jrut, Feb. 1883. 
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covichian doctrine of centres, of force, and tlie theory 
of vortices, which wo owe to Ijord Kelvin, a.s well as 
the Newtonian idea of “mossy hard, impenetrable 
movable particles,” must all bo abandoned as incon¬ 
sistent with facts now fully established by experi¬ 
ment. 

In such a position it is tho duty and tbc best in¬ 
terest of the chemist to preserve a perfectly unbiassed 
mind, and to pursue tho .safe path of experimental 
inquiry. 

At the same time he may still retain the view that 
although atoms of all kinds have been shown to ho 
capable of disintegration under tbe stre.s.s of electrical 
forces, the unit of chemical reaction, that is tho 
chemical atom, has not at present been found to bo 
assailable. In all ordinary chemical changes, tho 
.atoms of which the dimensions and relations have 
been detorminod by tho methods alrciwly dc.scribed, 
do pass from one compound to another and retain 
their independence, and of this tho great field of 
stereo-chemistry (Chap. VII) .seems to afford sufficient 
and conclusive testimony. 


BIOGRAPHICAL NOTES 

Thom,\s Oarnkli.ky, born in Mnncheater, 22ntl October 
1854. DsHon Chemical Scholar at Owens College. He con¬ 
tinued the study of chemistry at Bonn under Kekulc, Zincke, 
and Wallach. Having been first Professor of Chemistry at 
Firth College, Sheffield, in IS82 he passed t-j Dundee Univer- 
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sity College. In 1888 he ^was appointed to the Chair of 
Chemistry in the Universit/of Aberdeen. 

He died 27th August 1890, at the early age of thirty-six. 

[Obituary, Journ. Ohm. Hoc,, SO, 455 (1891).] 

Johann Woi.foanq Douereinkr, born 15th December 17^. 
A pharmaceutical and chemical manufacturer ; became in 1810 
Professor of Clioinistry, Pharmacy, and Technology in the 
University of Jonn. Died 24th March 1849. 

[Poggendorirs Umdu'OTierhnch,'] 

Lord Kelvin (William Thomson), Ist Baron, born in Bel- 
'fast, 26th Jutie 1824. He entered the University of Glasgow 
in 1834, and Cambridge in 1841. He was appointed professor 
of Natural Philosophy at Glasgow in 1846. He laid the Brst 
Atlantic cables in 1857-68, and the permanent Atlantic ciibles 
in 1806. Knighted 1866. Created a peer of Great Britain as 
Baron Kelvin of Largs in 1892. He retired from the professor¬ 
ship in 1899. Ho died 17th December 1907, and was buried in 
Westminster Abbey. 

[Obituary notice by Sir Joseph Larmor, Proc. Roy. Soc.f 
vol. 81a, Appendix, 1908.] 

Dmitri Ivanuvitsch MBNDEi.fiKFF was born at Tobolsk in 
Siberia on 9th February 1834. With much difficulty he ob¬ 
tained his education in St. Petersburg, and devoted himself to 
the physical sciences. In 1856 ho was appointed privat-docent in 
the University, but in 1869 he studied under Kognault in Paris, 
and afterwards in Heidelberg. Returning two years later to 
St. Petersburg, ho was appointed Professor of Chemistry in 
the Technological Institute. In 1866 he became Professor of 
General Chemistry in the University. HU career was more 
than once interrupted in consequence of political disturbances, 
but he was an active experimenter, and hi8*name is associated 
not only with the " periodic law,” but with valuable estimations 
of the density of mixtures of alcohol and water and of various 
aqueous solutions. He also gave attention to the nature and 
origin of petroleum. His Principle of Chemistry, containing a 
development of his views, bus been translated into English. 

Ho died 2nd February 1907. 
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[Mendeleeff Memorial Lecture W. A. Tilden. Joum. 
Om. Nw., 95,126 (1909).] * 


Juucs Loth \u Mkykr was born 19tli Au{»u8t 1830 at Varel 
on the Jade /'Oldenburf^). In 1851 ho bejjan the study of 
medicine at Zurich, and two years later removed to Wurtz- 
burg, where he graduated M.D. in 1854. Huvitjg, however, 
decided to pursue the scientific side of physiology, he proceeded 
to Heidelberg, and under Bunsen investigated tlie “ Gases of 
the Blood.” After a year and a half devoted to the study of 
mathematical physics at Kunigsberg, he became prival-doceni 
in the University of Breslau. At this time he wrote his well- 
known Mo'krnen Theorien der Chemie. In 1806 ho became a 
teacher in the school of forestry at Neustadt-Kborswalde, and 
in 1868 was appointed Professor at the Carlsrulie Polytechnicum. 
In 1876 he succeeded Fittig in tlie Chair of Chemistry in the 
University of Tubingen. 

He died on the 11th April 1895. 

[Lothar Meyer Memorial Lecture. P. P. Bedson. Joum. 

Chan. Soc., 69, 1403 (1896).] 


John Alkiander Reina Newlands was born in Southwark, 
1637. Ho entered as a student at the Royal College of Chem¬ 
istry in 1856. Ho then became assistant to Way, chemist to 
the Royal Agricultural Society. In 1860 he wont as a volunteer 
under Garibaldi in the war of liberation in Italy, and after the 
oonclusion of the campaign he began practice as a consulting 
chemist in the city of London. 

He died 29th July 1698. 

[Obituary notice, W. A. T., Nature, 25th August 1898.] 

George Johnstone Stoney, born 15th Fob. 1826. After 
graduating at Trimty College, Dublin, he became for a time 
assistant in Lord Ross's observatory at Parsonstown. In 1852 
he was appointed Professor of Natural Philosophy in the 
Queen’s University (Galway College), and from 1857 to 1892 
was Secretary of the same. 

He died in London on 5th July 1911. 

[Obituary by J. Joly, Proc. Roy.Soe., 86, xx. (1912).] 
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Jo8Ki’H John Thomson, Kt., O.M., Cavendish Pro¬ 

fessor of ExporimontuI Physics, Cambridge; Professor of 
Physics at the Hoyal Institution, London. 

Clemkn’k Alkx.\ni>kr WiNKLKR, born 2<>th December 1838 
at Froiborf' (Saxony). He ^niduated Ph.D. at Leipzig in 18C4. 
In 1873 he was appointed Professor of Chemistry in the Royal 
School of Minos at Freiberg. Retired 1902. He died at 
Dresden, {)ctf)ber 1904. He introduced the synthetical process 
for manufacturing fuming sulplmric acid in I87r>, and in 1886 
he discovered germanium. 

[Obituary by 0 Brunck, Ih r., .39, 1191 (1907).] 
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CHAPTER V 

ORIGIN AND DEVELOPMENT OF THE IDEAS OF 
VALENCY AND THE LINKING OF ATOMS 

It has already been explained in Chapter III that 
the discovery by Dumas of the fact that chlorine 
may be introduced into organic compounds in 
exchange for hydrogen, equivalent for equivalent, 
led to very important changes in the then current 
ideas of chemical combination. Up to that time the 
electro-chemical theory of Berzelius (p. II) had been 
almost entirely predominant, and, naturally, the 
notion that an olcctro-ncgativo clement like chlorine 
could bo exchanged for an electro-positive clement 
such as hydrogen, without fundamentally altering 
the characters of the resulting compound, was com¬ 
pletely at variance with the canons of that theory. 
But facts remain, while theories mu.st be left cither 
to be adapted to the new state of knowledge, or to 
be abandoned altogether. In this case the theory 
has been modified, but even to the present day the 
interchange of negative chlorine and positive hydro¬ 
gen is a phenomenon which still affords room for 
speculation. 

One important con.sequencc of the establishment 

HI 
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of the facts of substiiution was the inception of 
the idea of typos, a tKieory which, as remarked by 
Williamson many years later, was “the vehicle of 
many an important discovery,” and led to profound 
changes in the way of regarding chemical combina¬ 
tion. A most iastruotivc review of the whole posi¬ 
tion was given by Dumas hiin.sclf in 1840.‘ Ho then 
stated clearly that compounds which contain the 
same number of equivalents united in the same 
manner, and which exhibit the .same fundamental 
chemical jiroperties, belong to the name chemical 

tyre. 

This view, though opposed by Berzelius, and at 
first by Liebig, was afterwards supported by the 
latter, who cited as analogous the case of chlorine 
and manganese, whi(di were known in perchlorates 
and permanganates to ho capable of replacing each 
other without altering the (!rystallinc form of the 
salt, adding that “ a reciprocal substitution of simple 
or compound bodies, acting in the same way as 
isomorphous bodies, must ho regarded as a veritable 
law of nature.” 

Dumas’ theory of types, then, expressly recognised 
the idea of arramjement among the constituent par¬ 
ticles united together in a compound, and he saw, 
and stated clearly, the distinction between the older 
Berzelian system, which attributed to the nature of 
the elements concerned the principal share in deter- 

* “ Momoire sur la lot des subatitutioos et la th(k>rie des types ’’ 
(CV»nj»t. Rtnd ., 10,149). 
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raining the nature of the ctynpound, and the newer 
doctrine, according to which the number and ar¬ 
rangement of the atoms (or equivalents, as he called 
them) played the most important part. Dumas, 
however, does not seem to have perceived so clearly 
that chemical combination in organic compounds, 
that is, in compounds of carbon, is governed by the 
same laws lus inorganic compounds; and save for the 
use which bo miuie of the analogy derived from 
isomorphism, he did not bridge over tbo gnlf which 
then separated organic from inorganic chemistry. 
Hence, while ho spoke of alcohol, aldcbyd, acetic 
acid as rc])roscnting ditferont types, those were not 
referred by him to substances of a simpler constitu¬ 
tion, .such as were afterwards employed in the famous 
.system of Gerhard t. 

The word “ radical ” or “ radicle ’’ has long held 
a place in the language of chemistry, but very 
difl'erent meanings have at difTcrent limes been 
attached to it. Dismissing as unimiwrtant the use 
which was made of this word by Ijavoisier, and 
afterwards by Berzcliu.s, we must not omit to recall 
the fact that in 1832 it received a very definite 
application in consequence of the discoveries of 
Liebig and Wohler. In that year* the two great 
Gorman chemists showed that bitter almond oil, 
benzoic acid, and many substances derived from 
them, might all be represented as compounds 

' “ Untereaebasgen uber das Radical d«r Bentoesaure ” {lAebu/a 
AnmUn , iii. 249). 
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of one and the same radicle, benzoyl, CjjHjOj (C=6, 
0=8), thus; 


Hydrido of benzoyl 
(bitter almond oil). 
Oxido of benzoyl. 

(benzoic anhydridu). 
Hydrated oxido of benzoyl 
(benzoic acid). 
Ohlorido of benzoyl 
Hydrate of benzoyl 
(benzoic alcohol). 


. c,.hah 

. C„HAO 

. C„H„0.p,H0 

. 0„H,,0.,C1 
. C„H,0,U0 


Henceforward it became the object of many 
chemical investigations to separate and isolate com¬ 
pounds of this kind, which seemed to play the part 
of elements, and the recognition of whi(;h served as 
the biusis for tho dolinition by Liebig and Dumas of 
organic chemistry as tho chemixtrii of compound 
mdiclen, while inorganic chemistry was the chemistry 
of elementary or simple bodies. One of tho most 
notable discoveries resulting from such investigations 
was tho discovery of ethyl by Frankland in 1848. 
This snbstincc wius obtained by the action of zinc 
upon ethyl iodide, from which compound it was 
originally supposed that the metal simply withdrew 
tho iodine, setting tho ethyl free. Tho gas thus 
obtained was for .some years snpposcil to be the true 
radicle of other and alcohol, which were respectively 
considered to be its oxide and hydrated oxide: 


Ethyl . . C.H. (C=0) 

£tber . . . CiHjO (0=8) 

Alcohol , . . C,H,OHO 
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It turned out, howeyer, that this compound really 
contains in the molecule douftle these proportions of 
carbon and hydrogen, and is therefore more cor¬ 
rectly expressed by the formula CjHj.OJfs, or f'jH,,,. 
(C=6,0=8.) 

A corresponding revision awaited many others of 
the isolablo radicles, so soon as the law of Avogadro 
came to be applied to the adjustment of molecular 
weights. Cyanogen, for example, was not simply 
CjN, but (CjNjj. Kakodyl, in like manner, dis¬ 
covered by Bunsen in 1839, affords another example 
of a well-defined radicle, which, by union with 
oxygen, sulphur, and the halogens, affords a long 
series of compounds. At first, and for many years, 
represented as (C^bljhAs, that is, as arsenious 
methide, containing two equivalents of methyl, it 
was afterwards proved to have double that mole¬ 
cular weight. 

Gradually, then, it began to be recogiused that a 
“ radical ” was nothing more than a group of symbols 
which represented a constituent common to a series 
of compounds, but not necessarily capable of existence 
in the free or isolated state. In place of “ radical ” 
Gerhardt introduced the word remlue, defining its 
application to those portions of a com{)ound which can 
bo transferred to another compound by the process of 
double decomposition or exchange, and which are not 
necessarily capable of being Lsolated. Accordingly, 
H, Cl, or HO, would be entitled to rank as a radical or 
residue equally with groups .such as benzoyl, C|,H,0,. 
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The classification of known carbon compounds, 
which in a few years' had become very numerous, 
was now a matter of urgent necessity. A system 
based upon the recognition of radicles like methyl, 
ethyl, benzoyl, &e., had been attempted by Liebig, 
but without full success, partly because the relations 
of many of the newly discovered compounds were 
obscure, and partly because each series was inde¬ 
pendent and isolated from all others. 

The existence of a relation among the successive 
members of the series of alcohols was first pointed 
out by Schiel in 1842, and a corresponding rela¬ 
tion having been detected by Dumas among the 
fatty acids, Gerhardt called them “homologous” 
series. Such a series includes compounds of the 
same chemical character, tho successive terms of 
which iruTCaso by an addition of CoH^ (0=6) or 
OHo (0=12), this addition being attended by cor¬ 
responding rise in the density, boiling point, and, 
frequently, in tho melting point. Tho arrangement 
of carbon compounds in homologous series is one 
which has stood the test of time, but at the period 
now referred to few such series were known, and 
these usually imperfectly. 

A remarkable effort to bring some system into 
the chaos then existing was made by Auguste 
Laurent, whoso views wore first embodied in a 
memoir published in 1844,* but afterwards in a 
more elaborate and extended form in a-volume 
* ''Clarification Chimique” (CVwnfi. Rend., 19,1089). 
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which appeared in English ^only after his death.' 
In this system Laurent supposed every organic 
compound to contain a nucleus composed usually of 
carbon and hydrogen, and from this fundamental 
nucleus derived nuclei could bo formed by substitu¬ 
tion. Thus upon the nucleus, C,Hj, called etherene, 
acetic acid, C^Hj-bO,, was formed, and from the 
derived nucleus chloretherene, CjlH^Cl), chloracetic 
acid, CjHjCl-l-O,, was formed. Ijiurent represented 
all organic compounds as containing an oven num¬ 
ber of atoms, and hence was led to employ for many 
compounds formula; which were the double of those 
commonly received. The nucleus theory, though in 
reality a sort of extension of the theory of nulicles, 
was practically of little use, and was adopted as the 
basis of classification of organic compounds only 
in one notable book, namely, in Gmelina well- 
known .and comprehensivo Huudhonk of Oryanin 
Chemistry. Tbo writings of Lauroid,, however, 
must have had a great influence upon the chemical 
thought of his day, and even now there are pages 
in his “Chemical Method” which afford refreshing 
and instructive reading. 

But though the theory of nuclei did not provide 
the system of .classification so urgently needed, 
especially for organic compounds, it happened fortu¬ 
nately for the progress of science that the young 
Laurent became associated with a .still younger col- 

' Translated by Odling, 1855 [PuJ)liealim» of ttu Cavendish 
SooUijf), ander ibe title “Chemical Method." 
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league, Charles Gerhar^t, who joined him in opposi¬ 
tion to the dualistic system of Berzelius. Gerhardt’s 
scientific career may be said to have begun when in 
1842, at the ago of about twenty-six, he published 
an important series of papers on the classification of 
organic substances.* Here he examined the founda¬ 
tion of the system of equivalents then in use, and 
showed how a groat simplification might be effected, 
while reducing the whole .system of formula; to a 
common standard, as already explained (Chap. III). 
Laurent finally adopted Gerhardt’s system of for¬ 
mula;, and made use of it in his “ Chemical Method.” 
According to this system the formula of each sub¬ 
stance represents that quantity of it which, in the 
state of vapour, would occuj)y two volumes, the unit 
volume being the space occupied by one part by 
weight of hydrogen giut at standard temperature and 
pressure. Hence, the formulic of the compounds 
HCl, HjO, NHj, COj, C,jH„0, &c., represent two 
volumes, while to express the .same bulk of the 
elements and radicles H, Cl, C.^H^, CN, &c., these 
atomic symbols must bo doubled thus: 

HH or H,„ ClCl or Ol.j, (VLAHs «>■ (C.Hj),, CNCN or (CN)j. 

The problem involved in the. cliuaification of 
organje compounds was not, however, yet solved. 
It required a better knowledge of the relations and 
properties of many compounds, which was only to 

* “ Ueber die Chemisobe Classification der Organiseben Sub* 
Stanton” (Erdmann’s Jomr.f. Pyuki. Chtmie, 1842-43). 
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be obtained by further oxpeninientol investigations. 
To these Laurent and Gerhardt l)oth contributed 
their full share: Ladrcnt more c.spccially by his 
work on the hydrocarbon naphthalene, and the 
numerous derivative.s formed from it and from other 
compounds by the action of cblorinc; Gorhardt by 
his di.scovory, though much later, of secondary and 
tertiary amides, and of the anliydri(le.s of acetic and 
other acids. 

The next important slop appears to have boon 
taken when in 1H49 Wnrtz,' in studying the action 
of pota,sh on cyanic and cyanuric ethers, was led to 
the discovery of the esjmpoimd ammonias. 

Many vegetable matters which |M)ssess strong 
physiological properties have long liecn known to 
owe their activity lo the presence of definite crys¬ 
talline or volatile liquid sub.stancc.s, which have the 
property, in common with ammonia, of combining 
with acids to form salts. Thus oiriurn contains 
morphine and other similar compounds, nux-vomica 
contains strychnine, cinchona bark quinine, while 
tobacco yields nicotine. In coasequenco of this 
ba.sie property these active suKstancos were long 
ago called alkaloids. So far back a-s 1H87, Berzelius, 
applying to these substances his own views con¬ 
cerning chemical constitution, expressed the opinion 
that they consisted of ammonia, which gave them 

^ “ 8ur une S^rie d’aicalis ortfaoiquw homologueo avec I'amiDon* 
iaque” Rend., 28, 223, 1849); “ R^berchw Bur !<;* aioiaon> 

iaqnea composes” [Cotnpt. Rend., 29, 169,1H49> 
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their basic character,^ united with a “conjunct" 
composed of carbon with hydrogen or oxygon, by 
which the character of the ammonia was nuxlifiod. 
On the other hand, Liebig in 1840 had expressed 
the view that if “ wo wore able to replace by amid- 
ogou the oxygon in the oxides of methyl and 
ethyl, in the oxides of two basic radicles, wo should, 
without tho slightest doubt, obtain a scries of com¬ 
pounds exhibiting a deportment similar in every 
respect to that of ammonia. Expre.ssed in sym¬ 
bols, a compound of tho formula (J,H,,H.,N = EAd 
would bo oudowod with basic properties.” 

Wurl.z regarded ammonia as a link between in¬ 
organic and organic chemistry, and suggested that 
if it contained carbon it would be considered as the 
•simplest ropresontative of tho organic ba,ses. In his 
newly discovered bases, C.,H,N, and <;,H.N (0=6), 
he saw organic compounds which might bo viewed 
according to tho hypotheses Just explained, either 
as methyl ether, CLIljO, or common other, C^HjO, 
in which 1 equivalent of oxygen was replaced by 
1 equivalent ot amidogon, NH.j, or as ammonia, in 
which 1 equivalent of hydrogen is replaced by 
methyl, CjHj, or ethyl 
The following fornnda' show these .relations: 

HjN Ammonia, or NHjH Hydramide. 

CjHjN Methyl Ammonia, or NH,C^3 Methylamide. 

CjHjN Kthyl ammonia, or NH,C,Hj Ethylamide. 

He adds, “Je me servirai de preference des mots 
methylamide, ethylamide,” but in the second paper 
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he at once uses, without pref^e or explanation, the 
terms methylamine, ethylamine, vaUramine, to 
which we have been so long accustomed. 

Here, then, it is evident that the great question of 
chemical “ constitution ” was beginning seriously to 
occupy the attention of chemists. Indeed, there is 
proof that this problem must have .arisen already, 
for the theory of compound radicles introducoil by 
Liebig and Wohler in 1832, and publicly promul¬ 
gated by Dumas in 1837,' and the still earlier 
ammonium theoiy of Berzelius, all implied, if they 
did not explicitly declare, that di.stinel. fiinclion.s 
were performed by the dirt'eront elements composing 
a given compound. In a paper ^ of H<ifmami’s a 
year before Wurtz’s discovery, the following pa.ssagc 
occurs in refcrenco to the con.slitntion of alkaloids: 
“ A relation between the nitrogen and the .satu¬ 
rating capacity remained extremely |)robable, and 
chemists now commenced to iussume the nitrogen 
as exi.sting in these bases under two forin.s. In 
almost all cases that portion of this element to 
which the basic properties were referred was be¬ 
lieved to be in the form of amidogen, ammonia, or 
oxide of ammonium, while the views respecting the 
other portions wpro for the mo.st part less decided." 

Later on, in his memoir on the action of cyanogen 
chloride, bromide, and iodide on aniline, he expressed 
the view that it is “exceedingly probable that the 

* Compt. Rend., 5, 667; Brit. Att . Rep. 

* Q«ar(. Joum. Chem. Soe., 1,172 (I849). 
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organic bases are ind^d conjugated ammonia com¬ 
pounds.” This view, however, he .soon modified, for 
almOiSt immediately afterwards, in discussing the 
results of experiments made with the object of with¬ 
drawing the olcmonts of water from oxalate of aniline, 
and .so obtaining a nitrile corre.sponding to cyanogen, 
ho remarks that “the impossibility of obtaining 
an anilo-cyanogon throws some doubt on the pre- 
existence of ammonia in aniline. It is probably 
more in conformity with truth to consider aniline 
as a substitution product, as ammonia, in which part 
of the hydrogen is replaced by phenyl.” The ethyl 
and methyl derivatives of aniline wore then pro¬ 
duced by the action of ethyl and methyl bromides 
on aniline,' and shown to have the relation to aniline 
which has over since been rccogni.sed, and which is 
displayed in the following formula': 

AiliHiio. KlliylitiilUiu*. l)li-thyl;tiilliii(‘. 

«uH„l <!,*,■! 0,A) 

II In o.hJn c,h„In 

h) u) c.hJ 

Here, then, was a definite recognition of ammonia 
as a type, upon which was modelled, not only the 
new artificial compound ammonias, ethylamine, 
methylamine, and the rest, but alj nitrogen com¬ 
pounds possessing basic properties. The acknow¬ 
ledgment of the type ammonia was followed very 
soon by a corresponding scheme for bringing into 
one class the numerous and very various compounds 

‘ CoMfl. flmd„ 29. 184 (I849i. 
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known as salts, together w^li a number of other 
substances containing oxygen. This conception we 
owe to Williamson. In 1851 ho wrote as follows: 
“ I believe that throughout inorganic che»r)islry, and 
for the best known organic compounds, one single 
type will be sufficient—it is that of water, repre¬ 
sented as containing two atoms of liydrogoi to one 
of oxygen, thus—[{o.”* In the course of this pai^r 
he gave the following formula’: 

Potiifth. 


Oxide of {K)tHSHiiii)i 
Metliyl aleoliol 
Kl liyl alcohol . 
Aoutate of {xda.sh . 
Anhydrous acetic acid 
Nitrate of potash . 
Chlorous acid . 
Chloric acid . 
Perchloric acid 




ni, 

" o 
'VI,', 

(•, 11 , 0 ,, 


CJI/)" 

N'),n 




CIO 

H 


CIO. 


”0 


In many cases, however, a multiple of this for¬ 
mula, gO, must be used, as in expreasing the com¬ 
position of bibasic acids and salts like carbonates, 

‘ “Constitution of Salts’’ {Chem. (?«:., IftSl, and Quurl. Jmirn. 
Chfm. Soe., 4 , 1^52. 350). 
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sulphates, oxalates. I^e then explained the action 
of potash on cyanic ether discovered by Wurtz, and 
expressed the change by the following diagram: 

K, Kj 

O2 Og 

(Hg) _ (CO) 

CgH,. - CgH, 

CO (Hj) 

N N 

“ One atom of carbonic oxide is here equivalent to 
two atoms of hydrogen, and, by replacing them, holds 
together the two atoms of hydrate in which they were 
contained, thus nece.ssarily forming a bibasic com¬ 
pound carbonate of potash.” This passage is 
especially noteworthy, for, if not the very first, it is 
one of the earliest definite expressions of the idea of 
linkage ; that is, of two portions of the same mole¬ 
cule being held together by the agency of an atom 
or group of atoms which .serves as a link between 
them. 

Not long afterwards Williamson also discovered 
what ho called tribasio formic ether, which was ob¬ 
tained by heating together chloroform and sodium 
ethylate. 

Cl NaOCjH,, (OC 2 l},, 

CHCl -h NaOC,Hj = ChJoCjH,, -I- 3NaCl 

Cl NaOCgHs [OC,H„ 

Here manifestly the residue, CH, of chloroform 
links together three residues of alcohol, OCjH,, and 
combines them' in one molecule. It is true that 
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about 1839 Gerhardt had i(itroduced the use of 
the term “copulated” or “conjugated” as applied 
to certain compounds, such us the product of the 
action of sulphuric acid upon benzene or upon benzoic 
acid, in which sulpliuric acid cannot bo recognised 
by the usual tests, and was therefore supposed to 
be in a state of more intimate union than is found 
in the sulphates. Berzelius also adopted the same 
expression, but with a somewhat difi'eront meaning, 
for ho seems to have applied the term “copula” to 
neutral or pa.ssive substances supposed to bo asso¬ 
ciated with an active body. Thus acetic acid was 
regarded by Berzelius as owing its acid properties 
and chemical activity to oxalic acid, but united with 
the copula methyl. Evidently the.se ideas are en¬ 
tirely different, and the copula of Berzelius did not 
connote, as the word might seem to imply, the idea 
of holding together two things which would otherwise 
.separate. 

The idea of classifying according to typos, then, 
belongs to Dumas; but for the extension ot the 
idea and modifications by which it was converted 
into the really .serviceable system which it con¬ 
tinued to bo lor many years, it needed the co-opera¬ 
tion of many i^tivo mintLs. Wo have seen how 
Williamson introduced the water typo, and how the 
discoveries of Wurtz and of Hofmann led to the 
establishment of the ammonia type. A large 
number of compounds remained, however, which 
these two substances, water and ammonia, .scarcely 
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seemed to represent^ Gerhardt therefore added 
the hydrochloric acid type and the hydrogen type, 
and in the fourth volume of his celebrated TraiU 
de, Oldmie Organique, ho supplied a tabular scheme, 
showing at a glance how these four typos might 
bo made the basis for a .system of classification. 

To these, as more appropriate to the compounds 
of carbon, Kolbe added the carbonic acid typo; but 
ho u.setl the double value, 12, for carbon, while he 
retained the equivalent value, 8, for the symbol of 
oxygon. Hence the formula, (JO,, which he used 
for the type, ropro.sonted the oxygen as divisrible into 
four equal parts, whereas there is no reason for 
believing it to bo divisible into more than two 
parts. The marsh gas typo, CH,, introduced a little 
later by Kckule, was of far greater imporUmco. 

Further, in 1854 William.son showed that by the 
action of phosphorus jiontachloride on sulphuric 
acid a compound is formed, which may bo regarded 
as formed on the conjoint or mixed type of hydro¬ 
chloric acid and water by the introduction of the 
residue SO^ in place of two atoms of hydrogen, one 
derived from each of these compoumLs, thus: 


Cl 

H 

U 

H 


0 


Cl ( 

go ' 
H i 


0 


This chlorhydrin of sulphuric acid, or chlorhydrated 
sulphuric acid, evidently owes its existence to the 
property possessed by the SO, of binding together 
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the Cl and the HO, thus retaining the properties of 
a chloride joined to those of a hydrate. 

In like manner sulphuric acid itself cmilains the 
radicle SOj, which in this compound holds together 
the residues of two molecules of water. Hence, to 
represent it, a emuhnsed typo mu.st be assumed in 
which two molecules of water are concerned, thus: 


Type 


Hf 

HI 


Hi 


,-0 


Sulphuric Acid 


“ I 

BO. 

II 


0 

0 


A similar condeiuscd type must bo used to repre¬ 
sent such acids as phosphoric and arsenic acids,* 
and compounds such as glycol ** ai\d glycerin,’ which 
aro not acids hut are alcoholic in character. 


* Graham in 1833 first demonstrated the true nature of arsenic 
and phosphoric acids, and so laid the foundation of the idea of the 
“ basicity ” of acids. The following formula; show the comiiosition 
of the phosphoric acids, according to the binary syfifem, using equi¬ 
valents, and for comparison the unitary formula;, using atomic 
weights: 

Orthophosphoric acid . . . l*Or,3HO 
Pyrophosphoric acid . . I’0,.2HO Il4lV*7 

Metapbosphorio acid . . HI’O., 

See AUmfiic Club HcprmU, No. 10 

* Glycol was discpvered by Wurli in 185<), ai» a result of tho 
application of the theory of condensed ty|)C8 to n coimideration of 
the case of glycerin.—“ 8ur le Glycol ou alcool diatoraique ” [Compt, 
Send.,iS, 199). 

* '‘Berthelot was the first to demonstrate the tnie nature of 
glycerin as an alcoholic body caj:iablo of interacting with three 
molecules of such acids as acetic and palmitic.”—dtia. C'At«».,41,266 
(1854). 
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Triple Wftter Tjrpe. 


Tbolphoric Acid. 

Oljreerio. 





h|° 




H ) ^ 

(Po| 




1 Hln 




L. 

jo 


In such compounds as these three residues of water 
are linked together in one molecule by the multi¬ 
valent radicle. 

But while adopting the idea, Gerhardt imposed a 
strict limitation upon the signification of the word 
type, as used in his system. For, while the hypo¬ 
thesis of Dumas implied that compounds grouped 
together wore composed of elements arranged in a 
similar order within the molecule, Gerhardt insisted 
that any knowledge of what wo should now call 
“ constitution ” was inaccessible to experiment. The 
four substances selected by him as types, namely 
water, hydrogen chloride, ammonia, and hydrogen, in 
equal volumes in the state of gas, that is, H^O, HOI, 
HjN, and ho called types of double decom- 
positimi} Water, for example, in a great variety 
of transformations, can exchange its hydrogen or 
oxygen for other elements, giving rise to all the 
innumerable oxides or sulphides appearing as bases, 
aoids, salts, alcohols, and so forth. 

It is diflScult for us now to understand why 
Gerhardt insisted so strongly upon the distinction 
which he thought he saw between the significance 
* Traits de Chim. Org., tome i». 2815. 
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of his own type fonnulB and^ those of Dumas. For 
when substitution occurs it must be assumed, accord¬ 
ing to either system, that the radicle which is intro¬ 
duced, whether elementary or compound, takes the 
same place as the hydrogen or other clement which 
is removed. So that, although it might bo asserted 
that nothing was known, for example, of the arrange¬ 
ment of the atoms in a molecule of water, whatever 
that arrangement might bo assumed to be, it would 
be maintained in the molecules of all the substances 
which are fairly to be regarded as derivatives of water. 

In the meantime, however, facts were being accu¬ 
mulated in other directions, which sub.sequently 
served a most important purpose in the develop¬ 
ment of the ideas of more modern times in reference 
to constitution. As airciuly mentioned, Frankland 
discovered in 1848 the compound which was re¬ 
garded by all chemists of that time as the free 
radicle ethyl. In the course of the investigation 
it was discovered that the zinc docs not only com¬ 
bine with the iodine, setting the ethyl free, hut that 
it also combines with a portion of ethyl, producing 
a definite compound posse.ssed of very remarkable 
properties. Zinc ethyl, or zinc ethidc, Zn(J,Hj, or 
in modern symbols, ZnfChHj).^, was the first of a 
long series of “organo-motallic” (!omjK)unds, the 
majority of which were prepared and examined by 
Frankland himself. Writing on the subject many 
years later, he says; ‘ " I had not proceeded far in the 

' Ex{)crimeDia! Re!>e«rcbe8" (coilecCed 1877). p. U.'>. 
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investigation of thes^ compounds, before the facta 
brought to light began to impress upon me the 
existence of a fixity in the maximum combining 
value or capacity of saturation in the metallic ele¬ 
ments which had not before been suspected. That 
stannous ethido refused to combine with more than 
the complementary number of atoms of chlorine, &c., 
necessary to form a molecule symmetrical with 
stannic chloride, surprised me greatly at first; but 
such behaviour in this and other organo-metallic 
bodies scarcely permitted of misinterpretation. It 
was evident that the atoms of zinc, tin, arsenic, 
antimony, &c., had only room, so to speak, for the 
attachment of a fixed and definite number of the 
atoms of other elements; or, as I should now express 
it, of tho bonds of other elements. This hypothesis 
constitutes the basis of what has since been called 
the doctrine of atomicity or equivalence of elements, 
and it was, so far as I am aware, the first announce¬ 
ment of that doctrine.” This .statement is justified 
by reference to tho original paper * (dated May 10, 
1852), in which occurs a clear expression of the 
view, that in tho several compounds of a given 
element, “ no mottcr what the character of the xiniting 
atoms may be, the comhining jmoer of the attracting 
element, if 1 may bo allowed the term, is always 
satisfied by the same number of these atoms." In 
other words, the combining capacity of an element 
does not depend upon the nature of the atoms with 
■ Phil. Tmm., 14.S, 417. 
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which it is united, but is det^ruiu^ by the special 
character of the element itself. 

It appears, then, that while the distinction be¬ 
tween univalent and multivalent atoms and groups 
of atoms was first perceived by Williamson, wo owe 
to Franklond the first enunciation of the doctrine 
that each atom possicssos a capacity for combination 
peculiar to itself, and usually limited according to a 
definite rule. 

At this time and henceforward for .some years 
chemists were much occupied with the business of 
ranging compound.s, old as well as new, under their 
appropriate types, with the natural result that much 
wrangling ensued upon (picstions which, when 
answered, .seemed to lo.se their importance. To 
what type, for example, .shoid<l such a compound 
as lutrous oxide bo referred—to the water ty]X) or to 
the ammonia type > Or, again, should chloroform 
be regarded as a derivative of conden.sed hydro¬ 
chloric acid, seeing that in its want of reactivity 
with silver salts it gave no sign of being a chloride ? 
Gradually it became obvious to all, that the system 
of types was a merely artificial scheme of classifica¬ 
tion, as Gerhardt himself had pointed out long ago: 
“Comme jo I’ai souvent dit, mes radieaux et mes 
types ne .sent quo des symbolcs, destines h concreter 
en quelque sorts certains rapports de compsition 
et de transformation.” ‘ 

But though types of themselves could serve only 
’ TraiU, tome Iv. 611. 


L 
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a temporary purposei and afford merely one point 
of view, the ideas which arose out of their employ¬ 
ment were of the utmost importance; for, as we have 
seen, they led to the notion of atomic combining 
power, or "atomicity,” and from this sprang the 
doctrine of the linkage of atoms and modern views 
as to chemical structure. For this immense stride 
in advance the world is indebted chiefly to the writ¬ 
ings of Kekulc. The question whether the credit of 
initialing the idea of atomicity or valency belongs to 
this chemist need not now be discussed, notwithstand¬ 
ing the claim which ho put forward some years later,' 
inasmuch as it has already been shown that the 
idea was first conceivcil and expressed by Frankland 
in Kekulc, however, deserves to be regarded 

as the founder of modern structural chemistry, inas¬ 
much as the linkage of carbon to carbon is first 
clearly set forth in his paper “ On the Constitution 
and Motamorphosos of Chemical Compounds, and on 
the Chemical Nature of Carbon,” published in 1858.^ 
In this paper ho pointed out that the disposition of 
the atoms (constituting a riuiicle can be represented 
after sufficient study of its reactions, and in the 
(iaso of carbon by a study of the compounds of that 
element. If we consider the simplest compounds of 
carbon, CH., CH,C1, CC1„ CHC1„ COj, COCl„ CS,. 

* “ Sur Tatomiciti des elements ” {Compt. Rend., 58, 510, 1864). 

* This point has been very carefully discussed by Professor Japp 
in the “ KekuW Memorial Lecture (Joum. Chem. Soc., 73,108-120, 
1898). 

’ Liebig’s AnnaUn, 106, 129. 
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CNH, &c., it is obvious, he sayS, that " the sum of the 
chemical units which are combined with one atom of 
carbon is equal to 4. ... In the case of substances 
which contain .several atoms of carbon, it must bo 
assumed that some of the atoms at least are hold in 
the compound in the same way by the affinity of 
the carbon, and that the carbon atoms themselves 
are united together, whereby, of eour.se, a part of the 
affinity of one is combined with an equal part of the 
affinity of another. Tlie .simple.sl, and tbereforo the 
most probable ease of siieli a union of two carbon 
atom.s, is that in wbieb one unit of affinity of one 
atom i.s e<inibincd with one ntiit of tbo other. Of 
the 2x4 units of affitiity of the two carbon atom.s, 
two are employed in holding the two atonts together; 
there remain, therefore, si.s which may l>o united with 
at(ims of other elements. In other words, a grotip 
of two atoms of carbon, is .sexvalent; it may 
form a compound with six atoms of a itnivalent 
clement, or generally with so matiy atoms that the 
sum of the chomic.il units of these is six. (Kxamples: 
(',H„ C^H/’l, ('.CI 5 , fVI,N, (l.,H,0, 

cjH, 0 Cl, cyijO,,. ) 

" If more than two carbon atoms unite in the same 
way, the basicity of the carbon group i.s increased by 
two units for each additional atom. Tlie number 
of atoms of hydrogen (chemical units) which arc 
united in this way with n atoms of cartxm, may be 
expressed as follows; 

n(4-2) + 2 = 2ni2. 
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Suppose '»=5, the bnsicity is therefore 12. (Ex¬ 
amples: CjHjj, CjHijCl, CjHjdOlj, CjHjN, &c.) So 
far it has been assumed that all the atoms associ¬ 
ated with the carbon are hold by the affinity of the 
carbon. It may just as well be conceived, that in 
the case of polyatomic elements, 0, N, &c., only a 
part of the affinity of these, only one of the two 
units of the oxygen, for example, or only one of the 
three units of the nitrogen, is combined with the 
carbon; so that one of the units of affinity of the 
oxygen, or two out of the three units of affinity of 
the nitrogen, remain over, and may bo united with 
other elements. These other elements are thus only 
indirectly combined with the carbon, a.s indicated 
by the typical manner of writing the formulic: 


‘’“hIn 

H N (0 OH N 


Similarly, by means of the oxygon or the nitrogen, 
different carbon groups are held together." 

Further on ho refers to the fact that while in a 
very largo number of organic compounds such simple 
combination of the carbon atoms may be assumed, 
others exist which contain so much carbon in the 
molecule, that for them a closer combination of the 
carbon must be supposed; and then he mentions 
benzene and its derivatives and homologues, as well 
as naphthalene, as examples of compounds richer in 
carbon. 

Looking at the position of Gerhardt’s system of 
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types of double decomposition about this time, it 
is clear that the chief advance which had been 
made resulted from the recognition of multivalent 
radicles, and the power they possess of linking 
together two or more residues or radicles. As to 
typical formula' theni.sclvcs, though so recently in¬ 
troduced, their importance was already diminishing; 
for “typical formula' being rcprc.sonU>tions of reac¬ 
tions, it follows that if a substance aftbrds two or 
more distinct kinds of reactions, either of formation 
or of decomposition, it nuiy bo consistently repre¬ 
sented by formula' deriving from a corresponding 
number of distini't tv])es.’'' Hence in a rational 
formvda of the highest possible degree of generality, 
that is, ono which would exiiress all the possible 
reactions of a l)ody, the con.stituent riulicles must 
bo reduec<l to the greatest po.ssililo simplicity—they 
must, in fact, ho reduced to their elementary atoms. 
Such a generalised ty])e formula becomes equivalent 
to a modern constitutional formula. Kckulc himself 
seems for some time to have hesitated to accept the 
full consequences of his own conclusions, for while 
in the paixir just quoted he definitely proclaimed 
the quadrivalent character of carbon, and showed how 
the atoms of this element might combine together, 
he was writing in his famous Lehrlmcli^ “that 

’ S«e Brituh Amoruttion Report on the “ Recent Pro|];reM and 
Present State of Organic Chemistry/’ by 0. C. Foster {Report for 
1859, p. 1). 

• Lchrbwh (ter Organitchen Chemie otter tier Chetnte tier Koldenttoff- 
Verbinduntjen, i. 157. 
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rational formula; are fnly formula; representing the 
reactions and not the constitution of a body; they 
are nothing more than expressions for the meta¬ 
morphoses of a body, and a comparison of different 
bodies, and are in nowise intended as an expression 
of the constitution, that is of the arrangement, of 
tho atoms in tho actual substance." The reasons 
ho goes on to express for this hesitating position are 
not quite satisfactory. 

Almo.st at tho same time, however, another young 
chemist, A. S. tJouper, in a paper which appeared 
in all the chief chemical journals, put forth inde¬ 
pendently quite similar views as to the peculiarities 
of the element carbon, and by using a system of 
graphic formulie had even gone a step further. 
Couper .showed, in tho course of his paper, that the 
quantity of carbon represented by Cb (C—C) is never 
dividcrl during chemical changes; hcnco he remarks: 
“ It is only consequent to write, with Gerhardt, 
simply as (!, it being understood that the equivalent 
of carbon is 12.” * In consequenco of peculiar views 
of his own, however, ho retains 0=8, and hence all 
his formula; contain Oj, or 0.,.0 in place of 0, but 
otherwise they resemble modem structural formulie. 
As Couper’s graphic formula; are tho first symbols 
of tho kind, and are so remarkably like those in 
common use at the present day, they deserve to be 
kept in remembrance. One example will suffice ; 

* A. S. Coapor, “Sur one noavelle tWorie chimiqae" (Ann, 
aim,, 63. 469; Phi/. Mag. [4], 16. 104). 
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propyl alcohol, C,HgO, ho exgr 
ing scheme; 


:gressefl by the follow- 


This was in 185H; in the following year Kekules 
Lehrlmch appeared, and in a footnote (p. 100) he 
introduced a system of graphic fornnilie, in which 
the basicity (i.e. valency) of each atom is expressed by 
the size of the symbol in the following manner; 


“efioX 


a*- 


Kekul^ thought it necessary to slate in a foot¬ 
note that by these symbols the size of the atoms 
is not intended, but only the respective number of 
chemical units of each element. Symbols somewhat 
similar to these were afterwards u.scd by Naquet 
and other writers. 

Little use of these methods of notation was, how¬ 
ever, made for some years, but a system was intro¬ 
duced in 186.5 by Professor Crum Brown, which 
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with slight modifioatipn has stood its ground and 
served a valuable purpose. The symbols explain 
themselves, but the author thought it advisable to 
state that by them he did “ not mean to indicate 
the physical, but merely the chemical position of 
the atoms.”* The formula for ethane, as an example, 
is on this system as follows: 

^ ! 

—©—©— @ 

I I 
© 0 

In 1806 Frankland adopted practiiudly the same 
system, merely omitting the circles round the symbols 
of the elements, and henceforward graphic formulie 
came freely into general use. By this time the 
doctrine of atomicity or valency was fully estab¬ 
lished, and the reluctance which was at first felt 
by many to use any kind of symbol which seemed 
to suggest, oven remotely, a pictorial representation 
of a molecule, gradually wore off, in proportion as 
belief became general in the linking of atoms in 
definite order as a necessary consequence of the 
doctrine of atomicity. 

B'rom this time forward chemical theory has ad¬ 
vanced upon the same road, and mechanical ideas 
of constitution have more and more permeated the 
views of chemists as to the mutual relations of 
chemically united atoms. This will be developed 
to some extent in a later chapter, in which the 

' Jmun. Chtm. Sac., 18 . 232 ( 1866 ). 
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principles of “ steroo-clieniis(jy ” arc set forth, but 
the subject cannot be relinquished at this point 
without a brief reforonco to one important con- 
quoneo of Kekule’s further study of tlie question. 

The story carries ns back to aliout 1825, when 
Faraday, in examining the volatile liquid which was 
wont to collect in the receivers then in use, contain¬ 
ing compre.ssed oil gas, discovered or as it is 

now written, benzene} The same licpiid was obtained 
by Mitscherlich in 1838 as the sole volatile product of 
the distillation of benzoic acid with lime, the elements 
of carbon dioxide being abstracted from the acid 
and retained by the lime in the fjrm of carbonate. 
Benzoic acid itself was at that time known chietiy 
as a constituent of a fragrant medicinal resin ob¬ 
tained from a tree, the Sti/mx benzoin, growing in 
frumatra. Hence the name of the new compound, 
which Faraday had analysed ami shown to consist 
of carbon and hydrogen. Coal-tar naphtha was not 
investigated till about I8d7, when Man.sfield found 
in it a more abundant and convenient source of the 
new hydrocarbon, which henceforward was always 
manufaetured from that liqtiid. Mitscherlich had 
discovered that by mixing benzol with strong nitric 
acid a peculiar aromatic-scented volatile nitro-com- 
pound was formed, and this, in 1842, the Russian 


* Thia is not to be confountied with the volatiic mixture of liquitli 
known aa bensine or benzoline, diatilled from the lighteat Jtarta of 
petroleum, and which consiata of hydrocartrona of the parultin aeriea, 
CnHi„ + 2 . 
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chemist Zinin converted by means of ammonium 
sulphide into the liquid which has long been known 
as aniline, and which has since become famous as the 
material from which the earliest of the artificial dyes 
were produced. Benzol, or benzene, contains carbon 
and hydrogen in proportions which are most simply 
represented by the formula CH; but the density of 
the vapour as compared with that of hydrogen, is 
such that the molecule must be expressed by six 
times this formula, or CJI„. This compound is the 
first term of a series of hydrocarbons, of which wo owe 
to the labours of Mansfield the discovery of several 
members which stand in the relation of homologucs 
to benzene. Thus we have: 


Benzene . 

. • CA 

Toluene 

• ■ CjHg 

Xylene 

• ■ C,H,„ 

Cumene 

. . 

Cymene 

. . C,„H„ 


Some years later Fittig and Tollens proved that 
all these hydrocarbons can be formeil from benzene, 
by the substitution of methyl CH,, ethyl CjH,, and 
so forth, for one or more atoms of hydrogen in benzene, 
and they supplied a method by which this exchange 
can be actually effected. It soon became obvious that 
these compounds stood in some very intimate relation¬ 
ship towards essential oil of almonds, e^ence of cinna¬ 
mon, essence of cummin, and other fragrant or aromatic 
compounds, among which could be counted hydro¬ 
carbons, alcohols, aldehyds, acids, &c. Further, it 
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was recognised that these arijmatic compounds pre¬ 
sented certain chemical characteristics which dis¬ 
tinguish them from the cdrresjxmding series derived 
from fats, and the acids, &c., connected with them. 
And thus carbon compounds began to Iw ranged under 
the two great divisions of Futtf/ and AroiiKilic com¬ 
pounds, which are still to some extent recognised. 
These facts were by 1H65 sufficirutly cstabli.shed to 
provide material for reflection, and problems which 
would have to bo encountered by the promotcre of 
the now doctrine of atomic linkage. Kokule ob¬ 
served that benzene is the first term of the .series 
to which it belongs, and the supposed lower homo- 
loguo, C 5 H,, was shotvn to have no existence. The 
group of six atoms of carbon seems to form a unit 
which continues to subsist undivided in all the 
numerous compounds into which the molecule of 
benzene, more or lo.ss stripped of hydrogen, enters 
as a constituent. Further, the hydrogen in thi.s 
molecule shows no .signs of being gathered round 
any one or more of the carbon atoms to the disad¬ 
vantage of the rest. In other words, it is equally 
distributed among them, .so that every atom of 
carbon has an atom of hydrogen to itself. We 
have seen how the idea became established, that an 
atom of carbon is capable of linking itsoll to a 
second atom by means of one unit of its atomicity, 
or valency, as it has been variously called, so that 
each of the two conjoined atoms loses one-fourth of 
the power it posscs.ses by itself of becoming attached 
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to Other atoms. This .may be diagraminatica\ly ex- 
pro&scd as follows; 

I I 

c c 

I I 

By the application of the same idea to an indoKnite 
number of atoms, it is ca-sy to conceive of a long 
chain of carbon atoms linked together in a .similar 
manner, thus: 

III III 

-C C -C - ... Ac. ... (I--(J -C - 
III III 

Or again, these atoms may be sn|)posed to bo joined 
in con.swiuenco of the snpprc.ssion of two units of 
valency between two neighbouring atoms, which 
may bo cxpre.ssed in a similar maimer: 

-■C = C=.C»,fc. 

Or again, by snppre.s.sion of one and two units 
alternately: 

I I I I I 
-0-C’-C = C-C-, &c. 

All lhe.se are examples of what are now called 
open chains, in which the terminal atoms have their 
affinities satisfied liy means of hydrogen, chlorine, 
or some other element wdiicli ends the series. Tlio 
idea which Kekule introduced is derived very simply 
from this. Ho explained the peculiar composition 
and properties of benzene, by supposing that six 
atoms of carbon are joined together by alternate 
single and double linkages, and that th terminal 
atoms are united into a closed chain or ring. This 
may be expressed by writing the six carbon atoms 
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v] 

in a straight line as above, an^ joining the extremi¬ 
ties ; but since the molecule of benzene is symmetrical 
in its chemical behaviour, it has long been the 
custom to represent it by a symmetrical figure, the 
hexagon thus: 



M-C C~H 


In a largo proportion of cases the fourth unit of 
valency, here, by a guess, reprosenled as linking the 
carbons togeiher, is simply unacccjuntcd for, and 
exercised in a w.iy not yet understood; it may, 
therefore, bo left unexprcs,scd. In like manner it 
is unnecessary to write all the symbols for hydrogen 
every time the formula is required, and in practice 
a skeleton symbol has come into use which expresses 
at once all that is wanted. Further, for reasons 
which may readily be understood, it is convenient 
to number the carbon atoms so as to distinguish 
one from another in the ring, and to signify their 
relative positions; and so the formula may he re¬ 
duced to: 


I 



4 - 
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Or more simply as «follows, the numbers .being 
understood: 



The idea involved in this formula of a chain closed 
by tlie interlocking of its terminal atoms has been 
largely applied, and many groups of compounds are 
now known formed upon nuclei consisting of 3,4, and 
5, as well as (i atoms of carbon, and that other ele¬ 
ments, such as nitrogen, oxygen, and sulphur, may 
take a place in the ring. The earliest direct synthe.sis 
of rings containing three and f(}ur atoms of carbon was 
accomplished about 1884, and many reactions were 
studied alxait this lime by \V. H Perkin, jun.,‘ in 
which (lerivalives of trimcthylene and tetramethyleno 

CH, CHj 

i I 

I I 

CH, CH, 

were obttvinod. He ha.s given a history of the whole 
subject in a lecture delivered before the German 
Chemical Society in Berlin.* The comparative ease 
with which rings of six carbons may be formed, and 
the much greater difficulty experienced in producing 
rings made up of three or four atoms of that element, 
' Ber., 16. 2136, 4c. • Bcr., 35. 2091 (1902). 


OH., ^ 
\cH, 
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have been accounted for by hypotheses of a remark¬ 
able mechanical character which will be explained 
in a later chapter. Kekulb’s formula, in the simple 
shape to which it has been reduced by omitting the 
debatable and much debated question of what be¬ 
comes of the fourth valency, is accepted by all chemists. 
Indeed, it may now bo regarded as e.stablishcd upon a 
basis of experimental evidence, conqMrable with that 
upon which rests the Atomic Theory itself. It re¬ 
quires in this form no as.sumptions that have mjt been 
fully verified by cx|)erimont;' and it has rendered 
such service in the development of “organic” 
chemistry generally, that it wouM ho no exaggera¬ 
tion to fussert, that without it the greater part of 
modern knowledge in this field could never have 
been established. Without its guidance a largo 
proportion of the familiar and beautiful artificial 
colouring matters would probably never have been 
discovered, and the greater number of the numerous 
modem synthetical medicinal agents could never 
have been produced, save, possibly, by accident. 
The Ijcauty and fertility of Kekuh'fs theory of the 
“aromatic” compounds can oidy be fully appreci¬ 
ated by those who have made a study of the subject, 

* Probably the most important single contribution to the subject 
efer made is the remarkable memoir by W. Korrier, published in 
1876, io which be applied the principle, indicated in general terms 
by Kekule. by which the problem of the position of radicles intro* 
duced by substitution into the molecule of benzene was solved. In 
working out the application of the method, ho described about 120 
new compounds. {OazzeUa Chimica Italiaita, iv., translated and 
abstracted into the Journal of the Chemical Society, 1876, vol. i.) 
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but the literature relating to this department of 
chemistry, even for purposes of exposition, is very 
extensive. It i.s not possible to enter into more 
detail in the.se pages, but the student will readily 
find in every text-book of “organic” chemistry a 
statement more or less complete of the applications 
of the theory. 

It has also been well remarked that “Kekul6’s 
structural formulae cleared away at one stroke the 
entire brood of pseudo-constitutional formute. If 
ebemists no longer waste their time in wrangling 
over the question whether, for oxamplo, methylamine 
is methane, in which one atom of hydrogen i.s re¬ 
placed by the amido group, or ammonia, in which 
one atom of hydrogen i.s replaced by methyl, the 
merit is Kekult''’s.” ‘ 

Constitutional formula' then are based on the appli¬ 
cation in some .shape or other of the ftmdamental 
idea of definite and limited combining capacity dis¬ 
covered by Frankland. A.s time has gone on many 
attempts have been made to extend the idea so as 
to include not only the well-defined examples of 
constitution already given, but to account for such 
phenomena as the capacity for combination exhibited 
by apparently saturated compounds such os water, 
and the variation of valency exhibited by certain 
elements. Nitrogen, for example, appears bivalent 
in nitric oxide NO, trivalent in ammonia NH,, 

' Professor Japp’s '* Kekol^’s Memorial Lecture” (Traru. Chen. 
Soc., Feb. 1898). 
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and quinquevalent in ammoijium chloride NH4CI. 
Chemists are far from being agreed on these subjects. 
As to a physical explanation of valency, if one could 
be found and completely established on a sufficiently 
firm foundation, a step would be achieved which 
would lead us a long way toward a knowledge of the 
physical nature of chemical ''affinity" itself. This 
can hardly be said to have been yet accomplished. 
There are, however, two distinct theories which are 
not only quite modern, but are distinguished from all 
the previous vague conceptions by the support which 
each derives from knowledge comparatively recently 
acquired. The one attributes combination to electri¬ 
cal charges associated with the active atoms of the 
elements, and this will bo referred to again later on. 
Tlie other, which has been entitled by the authors * “ A 
Development of the Atomic Theory which correlates 
(Jhemical and ffrystallinc Structure and leads to a 
Demonstration of the Nature of Valency,” requires 
the assumption of attractive and repulsive forces 
between the atoms, but involves ideas which must 
bo regarded as supplementary to such hypothesis. 
According to this new view the valency of an atom is 
determined by the volume which the atom and its 
sphere of influence occupy in space within the mole¬ 
cule of which it forms a part. The attractive forces 
acting between the atoms cause thorn to lie closely 
packed together. Similarly the molecules are packed 
closely within the minimum compass in solids, and 

' Barlow and Popo. Jovrn. Ch^. Soc.. 89. Ifl76 (1906). 

M 
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crystalline structure tis produced by the prderly 
arrangement of close-packed homogeneous assem¬ 
blages of molecules. 

The valency volume is by no means to be con¬ 
founded with “atomic volume” deduced from the 
density of the substance, for the sphere of atomic 
influence of carbon being taken as four those of 
hydrogen, chlorine and bromine must bo taken as 
one, and those relations have no obvious connection 
with the “ atomic volumes ” 11'O, 5’5, 22'8, and 27'8, 
previously assigned to those elements. In the appli¬ 
cation of this hypothesis to the problems of multi¬ 
valency and nnsaturation the authors have met with 
considerable success, but until the study of crystallo¬ 
graphy and crystal structure has become more 
familiar to chemists tho recognition of this most 
interesting hypothesis will probably make slow 
progre.sa. 


lilOGRAl'HKIAL NOTKS 

WiuiAM Barlow, K.K.S., F.O.S., mathematician. 

Alrxasdkr Crum Brown, D.Sc., F.U.S., lately Protosaor of 
Chomiatry in the tJnivorsity of Edinburgh. 

Archirald Scott Courkr was born 31st March 18.31 at 
Kirkintilhxih, DumlMirtoiiahirc. A student brat in the Uni¬ 
versity of Glasgow, then in that of Edinburgh, ho began the 
study of chemistry in Berlin under what teachers is now 
uncertain. In 18.56 he went to Paris, and found a place in 
Wnrts's laboratory. In 18.58 he published his famous paper 
referred to in the text. He then loft Paris, and became an 
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ASsUtant in Playfair’a iaboratoryain Edinburgh. His health 
then broke down, and he did no more scientific work. 

He died llth March 1892. 

[Life and Chemical J^ork of A. N. Couper. By Richard 
Auschutz, TransLited by A. Crum Brown. 7’ror. Hoy. Soc., 
Edin., 29, 193 (1909).] 

Rudolph Fitti*}, lK)rn in Hamburg, (Jth Dec. 1835. A 
student under Liinpricht at (iottingiin,lin Iwcame primt-docent 
in 1860 and Honorary Professor in ISGG. In 1870 he was 
appointed Professor in the University of Tubingen, and in 
1876 succeeded Baeyer in the University of Strasbourg. He 
died tho 19th Nov. 1910. 

[Obituary notice. R. Moldola Jojmi. Chem. Soc., 99, IG.'il 
(1911). More extended notice by F. Fichter. See Jhr., 24, 
1339(1911).] 

Okokok Oarky FohTKR, LL.D., F.R.S., formerly Professor of 
Physics in University College, London. 

Edward Fbvnki.an’d was born at Churchtown, Ijancashire, 
18th .Jan. 182.'!. After attending various schools, he was 
apprenticed at the age of fifteen to a druggist in Ijauaishiru. 
In 184.') ho entered Playfair’s laboratory, and afterwards be* 
came liis assistant. In 1847 ho was for a short time at Mar¬ 
burg, but Iwing appointed tejwher at Queonwood College, 
Hants, he returned to England. In 1818 he worked with 
Bunsen at Heidelberg, and in tho following year took his Ph.D. 
degree. In 1849 he was for a short time in Liebig’s laboratory 
at Giessen, but having the offer of tho Professorship of 
Chemistry in tlio College for Engineers, Putney, vacated by 
Playfair, ho returned homo. In 1851 ho became Professor of 
Chemistry at Owens College, Manchester, and afterwards suc¬ 
cessively Lecturer at St. Barthohimow’s Hospital (1857), Pro¬ 
fessor in the Itoyal Institution (1863), and successor to 
Hofmann at the Royal College of Chemistry and Royal School 
of Mines (186.5). He retired in 1885, and died on 9th Aug. 
1899. 

Frankland was President of the Chemical Society from 1871 
to 1873, and was first President of the Institute of Chemistry 
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from 1877 to 1880. He was created K.C.B. in 1897 <jn the 
occasion of the Diamond Jubilee of Queen Victoria. 

[Obituary notice, by H. Maclood. Joum. Chem. Soc.y 87, 574 
(1005).] 

Lkoih)LI) Gmelin, born at Gottingen, 2nd Aug. 1788. Son of 
Johann Friedrich Gmelin, Professor of Medicine and Chemistry. 
PnvaUlocenf, and thereafter Professor of Medicine and Chemis' 
try in the University of Heidelberg. Died at Heidelberg, 13th 
April 1853. 

[Obituary, Qmrt. Joiim. Chem. So<\, 7, 144 (1856).] 

Francis Roukrt Japp, M.A., LL.D., F.R.S., Professor of 
Chemistry in the University of Aberdeen. 

Frikdkich Ai'oust Kekci.^ was Ixirn at Duriustadt, 7th 
Sept. 1829. Bogan the study of architecture at Giessen, but 
having attended Liebig’s lectures was fascinated by the sub¬ 
ject. After a semester at the Polytoclinic in Darmstadt he 
returned to Giessen and entered the University laboratory. In 
1861 he went to Paris, attended Dumas’ lectures, and made 
the acquaintance of Gerhardt, by whom he was much in- 
lluencod. In 1854 he came to liondon as assistant to Stenhouse 
at iSt. Bartholomew's Hospital. In 185(> lie went to Heidel- 
lierg AS jviwt-docait, and in 1858 pulilished his views on the 
linking of atoms. He was then appointed Profossor of 
Chemistry in the University of Ghent. In 18G7 he was 
appointed Professor in the University of Bonn, where he 
remained to the end. He died on 13th July 1896. 

[Kokulc Memorial Lecture. F. R. Japp. Jimm, (’hem. Soc., 
73, 97 (1898).] 

Adoi.ph Wilhelm Hkrmann Kolhe, the son of a Lutheran 
pastor, was born near Gottingen, 27th Sept. 1818. He was a 
pupil of Wt>hler’s in the University of Gottingen from 1838 to 
1842, when he went to Marburg as assistant to Bunsen. 
In 1845 he came to England as assistant in Playfair's 
laboratory at the Museum of Practical Geology in London. 
In 1861 he succeeded Bunsen at Marburg, and in 1861 be 
accepted the invitation of the University to the Chemical 
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Chair at Leipzig. Among Kolbe^ many discoveries may be 
mentioned the synthetical production i>f salicylic acid from 
phenol, which has become a nmnufactiiriiig process of great 
importance. KoUmj diod 2r>th Nov. 1884. 

[Obituary, Jour/t. Clim. bV., 47, (I88r>).] 

WiLlUJLM Koknkk, Professor in tho Reidc Soiiola Suj'Kjrioio 
d’Agricoltura, Milan. 

Ai <iL'sTK Lai hk.st, l)orn I4tli Nov. 18o7, at Langres (Haute 
Marne). A mining engineer. Apixantod in 18^11 under 
Duinus an Hi'-petiteur dii eoura de Chimiu a T^cole Centrale des 
Art.s et Manufactures. After experience as clioniist to tho 
{Kjrcelaui factor) at S< vie.s and elsewhere, he liecaniu Professor 
of Chemistry at the Kacultv <>f Sciences at llordeaux. From 
1848 he was Assayer to the Mint in Pans. 

Ho died l&th April 

[Obituary, Quart, .lourn. ('hem. Sm , 7, 14!l (I8J'>.^),] 


Cimu.KS Hi.v(’uk.>iu> Mashkiki.u, tlie son of a clergyman. 
UHS l>orn at Itowner, Hampshire, in 18Ii>. After education at 
Winchester and ('ainhridgo he entered the Royal College of 
Chemistry under Hofmann. 'I'he accidental ignition of a still 
containing coal-tar naphtha cost him his life, 2dth Feb. 

[Obituary, ^hmrh Jouf». 8, ill (IHofi).] 

ElLHARUTMlTSCnKHLicii wasbom 7th .Jan. 171>4, at Neuende, 
near Jever, in Oldenburg, where his father was a preacher. He 
first devoted himself to history and philology, especially to the 
oriental languages, but having become, at Heidelberg, attracted 
to the natural sciences he gave himself up to the pursuit of 
chemistry. In 1818 he discovered the isomorphism of the 
arsenates and phosphates, and was thus led to the formulation 
of the law of isomorphism which is associated with his name. 
In 1821 he succeeded Klaproth as Ordinary Professor of 
Chemistry in the University of Berlin. He died on 28th Aug. 
1863. 

[Obituary, Joum. Chm. bV., 17, 440 (1864).] 


Alfred Naqdet, bom at Carpentras, 6th Oct. 1634. BID. 
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Paris 1859. Professor at the Facultt' de Mt'^iecine till his politi¬ 
cal opinions obliffod him to leave France, lloturninff in 1869, 
he was after the war elected as a Deputy to the Chamber, 
where he sat on the left. 

[PoggendorlPs Hnv<(n'orterliiicJi, vol. iii.] 

Wiu.iAM Hknry Pkrkin', jun., Pli.D., F.Tl.S., eldest son 
of Sir William Henry I*erkin. Formerly Prcdessor of Organic 
Chemistry in the University of Manchester; Wayntiete Pro¬ 
fessor of Chemistry in the University of Oxfonl (1913). 

William Jackson I’ori-:, M.A., LUD., F.U.S,, Professor of 
Chemistry in tin* University of Caiubndgo. 

Jai'oh ilKiNRIt'ii WiLHKl.M ScMIKL, burn Jlst Oct. IH13. 
J'riml-d'n'fnt in Heidelberg. In 1849 he went to America, 
where ho remained ton years, and then returned to Heidtd- 
berg. A pu{>er of Ins at this time gives the history of the 
recognition of series among organic compounds. Liebig’s Jan., 
110,111 (IR.VJ) Died at Ihidcii-IWIen. 

[Poggondorlf's H<uiihi'iirltrlinili.'\ 

Ukrnhari) Christian (Iottfhikd Toli.kns. Since 1873 Pro¬ 
fessor Extraordinary and Directoi of the Agricultural Chemical 
Lulmratory of tlie University of Cottingen. 

Charleh AnoLFHE WuRTZ Was born at Strasbourg, 20th 
Nov. 1817. His father was the pastor of Wolfsheim, a village 
near the city. He at first studied medicine, and took his 
degree in 1843, but immediately afterwards entered Liebig’s 
lalmratory at Giessen. In the following year he wont to Paris, 
and was for a short time in Balard's labonrtory at the Faculte 
des Sciences, but in 1845 he liecame assistant to Dumas at the 
^ole de Medecine, and in 1849 he gave a course of lectures on 
organic chemistry in place of Dumas. The Institut Agrono- 
mique being founded at Versailles, Wurtz was appointed 
Professor. The Institut, however, had but a short life, and 
in 1853 Wurtz succeeded Dumas at the Faculte de Medecine, 
where he remained till 1874, when a chair of organic chemistry 
was created for him at the ^rbonne. 
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He died 12th May 1884. 

[Obivuary, by A. W. Williamson!' Proc. Roy. Soc., 38, xxiii. 
(1885). Fuller notice by Hofmann, Ilerichte Ref., 815 (1887).] 

Nioolai’h Zinin, born 25tb*Aug. 1812, at Schuscha, Trans¬ 
caucasia. A student under Liebig at (iiessen, he became first 
Professor of Chemistry in Kusan, and later Professor of 
Chemistry and Physics at the Medico-Chirurj^icul Academy 
in St. Peter8bur({. 

Ho died early in 1880. 

[Brief obituary by A. W. Hofmann. 13, 449 (1880).] 
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(JHAPTEB V[ 

THE DEVELOPMENT OK 8YNTHETICAI, CHEMISTRY 

From tho time of Lavoisier the subject-matter of 
chemistry has been divided, in nearly all general 
treatises on tho scienoe, into two chief departments, 
tho mineral or inorganic, and tho organic. In tho 
older text-books vegetable substances wore described 
separately from those of animal origin; but down 
to comparatively recent times tho idea commonly 
prevailed that tho composition and properties of 
both those classes of compounds wore governed by 
laws differing essentially from those which were 
found to prevail among substances of mineral 
nature. It was recognised that organic compounds 
are usually more complex in composition, and more 
easily decomposed by heat than minerals, and that 
“ wo oinnot always proceed, as with materials de¬ 
rived from tho mineral kingdom, from a knowledge 
of their components to the actual formation of the 
substances themselves. It is not probable,” it was 
said, “that we shall ever attain the power of imi¬ 
tating nature in these operations. For in the 
functions of a living plant a directing vital prin¬ 
ciple appears to be concerned peculiar to animated 
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bodies, and superior to and differing from the cause 
which has been termed chemical affinity” (Henry’s 
Elements of Expa'inuntal Chemislrj/, 1829). An¬ 
other purely hypothetical distinction, the result 
of ignorance of the constitution of iho majority of 
organic eom|xm(lds, was based upon the assumption 
of a hin<u~y plan of combination in Inorganic com¬ 
pounds not observable in organii’ compounds. So 
late as 1898 the ninth editioti of Fownes’ Manual 
of Vhemisirtj, with Hofmann as joint editor, con¬ 
tains a pa.s.sage in wliieh it is explained that “ copper 
and oxygen combino to oxide of copper, potassium 
and oxygen to potassa, sulphur ami o.xygcn to .sul¬ 
phuric acid, .sulphuric acid in its turn combines 
both with oxide of copper and oxide (jf potas- 
.siinn, generating a pair of salts, which are again 
capable of uniting to form the iloulilc comiKiund 
(JuO, SO, I KO, SO.,, 'rite most complicated pro¬ 
ducts of inorganic chemistry may be tints shown to 
be built up by this repeated pairing on the part of 
their constituents. With organic bodies, however, 
the case is strikingly different; no such arrange¬ 
ment can be tracctl.” 

Organic chemistry then originally, and for a long 
time, was understood to mean the stuily of com¬ 
pounds deriveil from organic sources; but as to the 
constitution of such compounds, opinion has passed 
through many successive phases of modification. In 
1837 Liebig, in conjunction with Dumas, defined 
organic chemistry as the chemistry of compound 
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radicles. Gmeliii, ten years later, included jn the 
organic divi.sion of his Hwndbook compounds which 
contained more than one atom (0=6) of carbon. 
Qerhardt’s definition is as follows: “ La chimie 
organique s’occiipo do I’etude (les lois d’apr6s les- 
quellos se mctamorphosont les mati^rcs qui con¬ 
stituent los plantos et les animaux; olio a pour 
but la ooniiais-sanco d&s moycns propros si composer 
los substances organiques on dehors de I’cconomie 
vivanto" (TraiU, i. 7). But recognising carbon as 
tho c-sscntial and characteristic element, Gcrhardt 
made no distinction between those compounds which 
contain only one atom and those which contain 
more than one atom of this element. Hence he 
described as fully tho oxides and sulphides of carbon 
and tho carbonates as tho more complex compounds 
which follow in the book. 

Kekule defined organic chemistry as tho Chem¬ 
istry of the Carbon tk)mpoimd.s,' and pointed out 
that the separate treatment of .such compoimds is 
chietly a matter of convenience, and is rendered 
necessary in consequence of their very large num¬ 
ber, and tho groat practical as well as theoretical 
importance of so many of them.* 


‘ The title of bis well-koown tre&tise expresses this assooiatioD 
of ideas: Lehrbwh der organuchen (JhemU, oder der Vhtmie dtr 
Kohlenitct^- Verbindungen, 186». 

‘ Wir definireQ also die orgaoisebe Cbemle als die Chemie der 
Koblenstofi-VerbioduDgen. Wir seben dabei keicen OegensaU 
swisoben uno]^;anisohen and organiseben Verbindungen" {lehr- 
6tMA. i. 11). 
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• 

Kekul^, like Gerbardt, incltideil in his book a 
description of the oxides and other simple com¬ 
pounds of carbon. Schorlemmer, recognising the 
important part played <by hydrogen in the com¬ 
pounds of carbon, defined Organic (liomistry as the 
“Chemistry of the Hydrocarbons and their Ueriva- 
tives,” This, however, is a definition belonging to 
more recent times (Lfhrlme.h tier Kahyunloff-Verlnii^ 
dungen txlrr tier Orga'itinclieit Clteinie, 1872; in Eng¬ 
lish, A Maumd of llie Uheniijtlry of thr Viirlivrt 
Cmiipouwle or Orgotiic ('lin)tidrg, lH7't). 

The definition of llio |)rovince of “Organic” 
Chemistry and investigation of the nature and 
constitution of “organic" compounds are matters 
of more than merely technical interest. They con¬ 
cern the great question a-s to the .sources and dis¬ 
tribution of energy in nature, and the origin and 
operation of life itself. 

Previously Ui the publication of Bertlieloi’s CItimic 
Orgttnique ft/ndie ttnr Ut Sijnihltte (I8(i0) no .syste¬ 
matic research had been attempted in the direction 
of building up compounds of carbon, comparable 
with natural organic compounds, by the union of the 
elements of which they are cornpo.sed. Two notable 
though i.solated examples of the production of or¬ 
ganic compounds by total synthesis are afforded 
by Wohler’s formation of urea in 1828, and Kolbe’s 
synthesis of acetic acid in 1845. That Wohler’s 
discovery should not have attracted more attention 
than it did for many years is all the more remark- 
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able, because the author himself seems to have been 
fully aware of its significance. His words are as 
follows:' “J’obtins lo resultat iiiattendu quo par la 
combiriaison do I’acide cyaniquo aveo raimnoniaque 
il sc prodiiit do I'lireo; fait d’autant plus romarquable 
qu'il ott'ro un oxomplo de la formation artifioiello 
d'uno matiere organique et memo de nature animale 
an moyen do principos inorganiquo.s. . . . Je ne 
parlorai pii-s davanUgc dos proprictes do cette ureo 
artiticiello |)iiisqn'ellos sent tout-a-fait semblables a 
cellos quo Ton pent Irouvor dans los ocrits do Proust, 
Prout, ct aiitros snr rureo.” 

Kolbo’s process was more coniplieated.® By the 
action of chlorine upon carbon bisulphide, which is 
formod hy iho union of its two elements, carbon 
tetrachloride i.s obtained, and at a red heat this 
compound is decomposed into chlorine and tetra- 
chlorcthylene, C/'l,. In the presence of water, 
chlorine, and sunlight, this compound yields tri¬ 
chloracetic acid, probably through the intermediate 
formation of hexchlorothane: 

C,Olo+2HjO=COIJ.CO 2 H+3H01. 
Trichloracetic aci<l mixed with water can bo reduced 
to acetic acid by the action of sodium amalgam. 
It is almost needless to luld that the acetic acid 
prepared by this synthetical process is identical in 
aU respects with the acetic acid obtained from vinegar, 
which is the product of a peculiar fermentation. 

> Ann. aim. PKyt. [S], 37. 330 (1828). 

* Vhm. See, iftnoin, 2, 361. 
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• 

The methods employed by Berthelot were for the 
most part simple and direct. Starting from carbon 
or one of its oxides, ho obtained several hydro¬ 
carbons from which, as well known oven at that 
time, more complex compound.s can bo built up. 
The following are a few example.s of hi.s processes. 

At the temperature of the electric are, carbon 
and hydrogen unite directly to form acetylene, 

The .same compound Ls produced by the ardion of 
the electric spark on a mixture of hydrogen with 
carbonic oxide, with carbon bisulphide, or cyanogen. 
From acetylene, by acting upon its peculiar copper 
compound by hydrogen in the nascent state, ethylono 
is prcxluccd. Thus: 

2.f C + XU 2 ” acotylony. 

<.'^11^+olhyluiio. 

Kthylcno united with the elements of water con¬ 
stitutes common alcohol. To cliecL thi.s union the 
gas may be made to combine with a hydnocid, 
especially with hydrogen iodide: 

C.,H, l HUCjUd, 

and the resulting compmnd heated with potassium 
acetate gives ethyl acetate, from which, by the action 
of potash, alcohol may bo obtained : 

CjHsI+KCjHjOj^CjHjCjHjOj+KI, ami 
CjH^CjHjOj -I- KHO = KC,HjOj+CjHjHO alcohol. 

Alcohol may of course be employed as the starting 
point for the production not only of aldehyd, acetic 
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acid, or acetone, but of a large number of compounds 
of more complex composition. 

Alcohol, however, is obtainable from ethylene by 
the simpler process of dissolving the gas in hot 
sulphuric acid, whereby sulphovinic acid is formed, 
and subsequently decomposing this compound by 
distilling it with water. 

CiH, + H,SO,=CsH,,HSO, and 
CjHjHSO,+HjO = CjHjHO + HjSO,. 

Acetylene may be employed as the material from 
which benzene and all its multitudinous train of 
derivatives may be formed, for by the simple appli¬ 
cation of a moderate heat to the gas it suffers con¬ 
densation almost completely into benzene; 

3CjHj = C„H,, 

At higher temperatures more complex hydrocar¬ 
bons, such ns napthalono, (lidHj, and anthracene, 
C„H,d, are produced. But beside the direct union 
of carbon with hydrogen at the temperature of the 
electric arc, the formation of hydrocarbons from 
those two elements may bo accomplished by the 
nrldition of ono preliminary stage to the series of 
operations. Thus carbon may be conbinod with 
sulphur, forming carbon bisulphide, and hydrogen 
with sulphur, forming hydrogen sulphide; if, then, 
those two compounds be transmitteil simultaneously 
through a tube containing heated metallic copper, 
the sulphur is withdrawn by the metal, and the 
other elements unite at the moment of their libera- 
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tion in the presence of each other. A mixture 
chiefly of marsh gas and ethylene results: 

2HsS+CS,+4Cu = 4CuS+CH„ &o. 

Or carbon monoxide may bo used as the parent 
material. This gas is not affected by caustic potash 
at the common temperature of tho air, but at the 
temperature of 100° and upwards it i.s absorbed by 
a concentrated solution of pota.4h with formation of 
potassium formate: 

CO+KHO=KCHOr 

From this compound formic acid itself may bo 
obtained, a .substance originally procured by tho 
distillation of ants with water, and in more recent 
times by the o.\idation of various materials of 
vegetable origin. 

Such examples as the.se arc sufficient to prove 
that compound.s identical in every respect with 
tho products of animal and vcgetaldc life may l )0 
formed from dead mineral matter, lierthclot was so 
anxious to establish this point beyond tho possibility 
of dispute, that ho gives in detail one .series of 
exporiment.s in which the carlmn employed was ob¬ 
tained in tho form of carbon dioxide from barium 
carbonate; it was then made to pass succcfisively 
through tho forms of carbonic oxide, fonnic acid, 
barium formate, ethylene, ethylene bromide, ethy¬ 
lene again, and finally into ethylsulphuric acid, 
and its crystalli.sed barium .salt from which alcohol, 
the ultimate object of these experiments, was gene- 
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rated. Water and carbon dioxide, then, were the 
only compounds from which the elements of this 
alcohol wore derived. 

Chemists, then, were long ago completely con¬ 
vinced that so-called “ organic ’’ compounds, though 
frequently more complex than inorganic compounds, 
such as metallic oxi(le.s and .salts, owe their existence 
to the operation of the same chemical affinity which 
governs the formation and transformation of these 
compounds. The peculiarities of their constitution 
arise from the facts pointed out nearly forty years 
ago by Kekule and by (.lonpor (see Chapter V), 
namely that carbon, the cs.sential element in all 
such combinations. pos,sc.s.scs the remarkable power 
o{nnitim) wi/k iMf atom to atom; and .secondly, 
that all the combining muts of such an atom or 
group of atoms iiiin/ hv xdtnriilnl hi) hydnyi’n. 

Considering the now univor.sal recognition of the 
true province of Organic ('hemislry, it is unfortunate 
that the names humjanic and Onjanic should ho still 
rotainoil for the two co-ordinate departments of the 
science, and that the division between them, though 
practically necessary, should ho maintained in so 
absolute and arbitrary a manner. To speak of 
Organic chemistry at all, is only one of the many 
examples which might Ix) given of the etymological 
confusion which everywhere prevails in the language 
of chemistry. There are organic beings, and there 
may be a chemistry peculiar to their functions, but 
this is what would be rightly comprehended under 
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the term physiological chemistiy, or rather chemical 
physiology. All chemists, however, now agree that 
there is but one chemi.stry so far as principles are 
concerned, no matter how various may be its ap¬ 
plications. The .sharp distinction and separation of 
inorganic and organic chemistry is in teaching and 
learning a source of groat loss and inconvenience; 
for until a stMdet\t has become acquainted with 
the properties of at loa-st a fow I'arefully selected 
carbon compounds, he can have no true idea of the 
relation of composition and constil.ntion to physical 
properties, which is only to Ik) acquired by the 
study of the phenomena of isomerism and of series. 
Among metallic and mineral compounds there is 
nothing corresponding to homologous series, unless 
we lulmit the relations which have licen traced (see 
(,'hap. IV) between the atomic weights of certain 
elements and their propertie.s. But those are far 
loss regular than the relations observable among 
the members of a scries like ’the acetic series of 
acids. Moreover, a student who is limited to the 
study of salts and other metallic comi»unda has 
fow opportunities of observing the methods by 
which " constitution" is established, and even the 
processes and elfects of oxidation and reduction can 
be but imperfectly understood. 

Since the time of Berthelot’s experimental investi¬ 
gation of the conditions under which such carbon 
compounds may bo formed, the art of chemical 
synthesis, the building up of complex from simple 

N 
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matorials, has made remarkable progress. Not only 
the simple formic and acetic acids, but complex 
vegetable acids, such as tartaric, citric, salicylic, 
gallic, cinnamic; not marsh gas and ethylic alcohol 
only, but fats, phenols, indigo, alizarin, sugars, and 
oven proteins' identical with those extracted from 
the lissuo.s of plants and animals, are now producible 
by purely chemical processes in the laboratory. It 
might appear that .such triumphs would justify 
anticipations of still greater advances, by which it 
might become possible to penetrate into the citadel 
of life itself Nevertheless the warning that a limit, 
though distant yet, is certainly set in this direction 
to the powers of man, appears to be as justifiable 
now, and even as necessary, as in the days when all 
the.so definite organic compounds were supposed to 
ho producible only through the agency of a “vital 
force." For even supposing the secret of the chemical 
constitution of all the colloidal proteid substances fully 
understood, the conditions under which such non¬ 
living substances could acquire the power of absorb¬ 
ing and using supplies of physical energy in such a 
way as to exhibit the cycle of events called “life” 
would still remain a secret. Until some idea can be 
formed of the relation of matter and the various forms 
of physical energy to consciousness, or even to the 
apparently unconscious mechanism displayed by 
vegetable life, which includes the powers of growth 

> See the Faraday Lecture br EmU Fischer, /(mm,CRsin.Soc.,{U, 
1749 (1907). • 
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and reproduction, the triumphs'of synthetic chemistry 
will bring us no nearer to a revelation of that secret. 

Emphasis was at one time' laid upon a physical 
di-stinction between living and dead matter, that is 
the production by purely cheinieal proces-scs, and 
without the aid of living matter, of compounds 
pfKscssing the power of rotating the jilano of jx)larisa- 
tion of a ray of polarised light, in the manner which 
is so characteristic of many of the proximate con¬ 
stituents of animal and vegclahlc structures, .such as 
the proteins, the sugars, and various hydrocarbons, 
acids, and alkaloids. This distinction has, however, 
disappeared, since it is known that optically active 
compounds can be obtidned without the intervention 
of living matter of any kind. The question will bo 
further discussed in the next chapter. 

The methods emjtloyed by the modern chemist in 
the construction of carbon couiiiounds, the molo- 
cnlc.s of which are known to contain many atoms 
of carbon, are so numerous that it is not possible 
in such a sketch as this to do more than indicate 
broadly their general nature. It has already been 
shown how Berthclot and others succeeded in uniting 
the elements carbon, hydrogen, oxygen, and nitrogen 
into compounds previously believed to be derivable 
only from organic sources, but .such substances as 
formic acid, alcohol, and acetic acid are after all 
very simple in comstitulion, and between such com- 

’ Se6 “ Addrefts to the Chemical Section of the BritUb Ahsociathm.” 
Bristol. t8il8. by ProfeMor K. R. Japp, President of the Section. 
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pounds as these an# the common constituents of 
vegetable and animal juices there is a wide interval. 
Tartaric acid, for e.xamplo, contains four atoms of 
carbon, citric acid six atoms, common sugar twelve 
atoms of the same element, while caffeine, the alka¬ 
loid of tea and coffee, contains eight atoms of carbon 
with four atoms of nitrogen; and the blue colouring 
matter of indigo contains .sixteen atoms of carbon 
and two atoms of nitrogen in the molecule. The 
art of uniting carbon to carbon ha.s now become so 
familiar, that (diemists arc apt to forget that its di.s- 
covory and application is so recent that it really 
belongs to the pro.scnt generation. Before attempt¬ 
ing to illustrate by an example or two the nature of 
the methoils employed, it is necessary to remind the 
rentier that ailvances in the direction referred to 
postulate certain fundamental ideas, the origin and 
development of which has already (Chap. V) been 
described. We believe now that in a molecule the 
constituent atoms are not thrown together confusedly 
in a general jumble, but that a definite order is 
maintained, and that this order can be, at least with 
great probability, inferred from the properties, modes 
of formation, and decomposition of the compound. 
In such a system it is recognised that some elements 
are united together directly and some indirectly, 
according to their respective valencies, into a struc¬ 
ture which, though it doubtless possesses great 
elasticity, is more or less permanent. So long as the 
compund retains its identity its constituent atoms 
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do not wander about, but retail their relative posi¬ 
tions; whereas, it'a change of relative position does 
occur, this is immediately manifestetl by a change 
in the properties or chemical behaviour of the sub¬ 
stance, The knowledge which wo now possess of 
the “ constitution " of so largo a numljcr of chemical 
compounds is, of course, the outcome of an immense 
amount of patient labour, tbe utility of which has 
not always been obvious to the unlearned. 

One method of uniting carbon to carlion is based 
upon the peculiar projierties of cyanogen and its 
com|xnmd with hydrogen, hydrocyanic or prussic 
acid, (,'yauogcn is very familiar as a compound 
riulicle which is capable of playing the same kind 
of part as chlorine or bromine, and of being exchanged 
for cither of those elements (see )). 14). If, then, 
such a substance as ethylene, which, us already 
explained, can be prepared from its elements, is 
first converted into its bromiile, (yijllr^, the bro¬ 
mine may be exchanged for cyanogen by simply 
heating it with potas.sium cyanide. The compound 
ethylene cyanide, CjH,(CN)j, results, and if this is 
boiled with an acid or an alkali tho nitrogen is 
removed in the form of ammonia, while an equi¬ 
valent quantity of oxygen and hydrogen is intro¬ 
duced, and succinic acid, CjH,(CO,H)y is obtained. 
This was accomplished by Maxwell Simpson in 
1861,* and since the means of converting succinic 
acid into racemic acid was made known about the 
' Proc. Rof. Sot., It, 190, 
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same time by Perkin und Diippn,* here was a method 
of building up a complex vegetable acid by a process 
of purely chemical synthesis. 

This succession of operations may be traced in 
the following series of formulie, which serve to show 
how the chemical constitution of tartaric acid has 
been determined: 


CH.^ 

tl 

on, 

C’H^.CN 

1 

Ethylene. 

Etliylene cyanide. 

OU.J.CN 


OH.^.C’O.OU 

1 

Succinic acid. 

CH.^.C0.011 


CHBr.CO.OU 

1 

Dibroino-succinic acid. 

(JHBr.CO.OH 


(JH(()H).CO.OH 

1 

Tartaric or racemic acid. 




Hydrocyanic acid has the power of uniting with 
many compounds, especially with aldehyds and 
ketones, in such a manner that its carbon becomes 
attached to the carbon of the aldchyd or ketone, 
while the nitrogen can afterwards be eliminated, if 
desired, by the action of dilute acids or alkalis, as 
already explained. In this way, for example, lactic 
acid, CjHjOj, the acid of sour milk, may be formed 
from aldehyd, CjH,0. 

' Quart, t/’oum. C'Am. Soc., 13,102 (1861). 
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Another method of producing more complex 
from simple ciirbon compomuts is founded on the 
tendency of many of lliom to undergo the process 
of polymerisation, or formation of new molecules 
hy the union of several into one. The polymerisa¬ 
tion of acetylene into henzeno has been already 
mentioned, and to ibis may lie added such ciuses as 
the conversion of aldeliyd into paraldebyd, 

and the production of the sugar-like substances for- 
rnoso from fornialdehyd, 

■ (IClIjO-: 

and acrose from glyceric aldehyd. 

Many such changes occur spontaneously in course 
of time or under the influence of heat. 

In other cases condensation is efleeted by the 
use of agents which have a tendency to unite with 
water or with ammonia, which may bo separated 
from the elements of the parent .substance as a by¬ 
product. For example, acetone mixed with strong 
sulphuric acid yields water and trimethyl-bcnzone 
or mesityleno: 

3C,H,0--.C,Hu + 3Hi0. 

Another verj' interesting method of joining carbon 
to carbon arises out of the remarkable influence 
exercised by oxygen upon the properties of hydro- 
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geh atoms attached,^ not to the oxygen itself but 
to carbon atoms near to it within the molecule. 
Malonic acid, for example, contains a scries of three 
carbon atoms, of which the central is united with 
two atoms of hydrogen, while the two lateral are 
combined with oxygon, thus; 

-CO-CIIj-CO -- 

Now, when carlioii is united to hydrogen only, the 
hydrogen i.s incapable of being disturbed by the 
action of sodium, and in componmls which contain 
three carbon atoms thus united, but all combined 
with hydrogen, contact with sodium or a sodium 
compound would have no effect. But if the ethereal 
salt of malonic acid is mixed with sodium ethylate, 
one of tho two atoms of hydrogen i.s immediately 
replaced by .sodium, thus: 

CO-CHNn-CO- 

The sodium thus introduced may be easily ex¬ 
changed for a hydrocarbon radicle — ethyl, for 
example — by bringing the new compound into 
contact with tho iodide, while tho sodium is elimi¬ 
nated in the form of sorlium iodide. A compound 
thus results, in which the carbon of the ethyl is 
attached to the carbon which was previously pro¬ 
vided with hydrogen only, 

-CO -CH -CO 

*1116 synthetical formation of large numbers of 
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complex compounds has beep effected by molfing' 
use of this principle. 

Enough has now been said to indicate the linos 
upon which research has travelled during the last 
forty years or ipore, but it must 1)0 obvious that 
the practical success of such operations is greatly 
dependent upon providing the right physical condi¬ 
tions, and these can only be arrived at as the restilt 
of much experience in the laboratory. 

The artificial production of complex carbon com- 
])ounds, pos.ses.sing properties which render them 
applicable to a great variety of practical purposes, 
may .bo justly regarded as one of the triumphs of 
modern chemistry. Many of the.se compounds, such, 
for example, as salicylic iicid, used extensively as 
an antiseptic and as a remedial agent in medicine, 
indigo and alizarin as dyes, coumarin and vanillin 
as perfumes, are identical with the conijwiinds pre¬ 
viously known only as products of vegetable life, 
and obtainable only from the siiUstaneo of the 
several plants which yield them. Some of these 
discoveries, in consequence of which it has become 
possible to dispense with the cultivation or collection 
of large quantities of a plant, have been followed 
by economic results of far-reaching effect. One of 
the most notable instances of this kind is supplied 
by the case of alizarin, the chief red colouring 
matter of the madder root. The cultivation of this 
plant, the Rviia tindormn, of the botanist, of which 
the wild variety is found commonly in hedges in 
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Britain, has been for centuries carried on in the 
south of Europe. It was introduced into the" south 
of France in 1766 by Jean Althen, to whom a 
statue was erected at Avignon, in recognition of the 
value of this service to the district. But in 1868 
the relation of alizarin to anthracene, a hydro¬ 
carbon prc.sont in the less volatile portion of coal- 
tar oil, was established by Graobe and Liobonnann.’ 
Methods were immediately devised by W. H. 
Perkin* in this country, and by Caro, Gracbe, and 
Liebermann* in Germany, by which the manufacture 
of alizarin from anthracene became commercially 
poasiblo. Henceforth the cultivation of the madder 
plant in the countries in which previously it had 
been a crop of con.si<lcrablo money v.alue, and 
occupying large tracts of land, became unnecessary, 
and it therefore speedily declined, and has now 
almost disappeared. Perkin stated* that the value 
of tho imports of madder root into the United 
Kingdom had been previously about one million 
pounds sterling per annum; and when we reflect 
upon this, and upon tho influence which is imposed 
upon tho inhabitants of a country district by the 
necessity of learning now methods of cultivation, 
and of finding now markets, as the consequence 
of the exchange upon so largo a scale of one kind 
of crop for others, perhaps untried, the great im¬ 
portance of such a discovery becomes obvious. 

' Her., I, 49 (1888). • Jmtm. Chem. Sac., 23, 133 (1870). 

* Her., 3, 369 (1870). * LtJCtares before the Society of Arte, 1879. 
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Of the very niimeroua suhstjinces now cmanathig 
from the chemical laboratory, many others, like ali¬ 
zarin and indigo, are applicable as dyes, cither to 
cotton on the one hand, or to wool and silk on the 
other. Substances like alizarin require the proviou.s 
application to the fabric of some substance, called 
a “mordant,” with which they can unite, forming 
a compound which i.s not only in.solulilo in water, 
and therefore is not washed out by water, but idso 
exhibits a brighter an<l characteristic colour, the tint 
of which is determined by the mordant employed. 
Thus with alizarin a red colour is produced by 
alumina, a purple by peroxide of iron. The most 
famous of these artificial substances of slniug tinc¬ 
torial power are, of course, the so-called "aniline 
dyes," and these for the most part reejuire no mor¬ 
dant when applied to wool and silk. The story of 
the discovery of the first of these colours, the sub¬ 
stance originally called nwtinr, or aniline purple, 
has become so familiar, and has been followed by 
■so many other wonders, that its interest may be 
thought to have faded; but to Englishmen it 
ought always to serve both as a source of ju.stifiablo 
pride and as a warning for the pre.scnl and the 
future. This discovery was made and was worked 
out into a practical process of manufacture in 1856 
by our distinguished countryman, William Henry 
Perkin, whose name has already been mentioned 
in connection with alizarin. But the manufacture 
of the vast series of colouring matters of every shade 
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anU tint, of which mauve must be regarded as the 
ancestor, has been gradually transferred to Germany, 
where the cultivation of “organic” chemistry has 
been fostered in the universities and technical high 
schools, while it was for a long time neglected in the 
corresponding institutions of this country. 

Tho history of the development of the coal-tar 
colour industry would alone bo sufficient to occupy 
.several volumes, and it is therefore impossible to do 
justice to it in these pages;' but it .should be men¬ 
tioned that the name “ aniline,” applied popularly to 
these colours, is in a great many cases entirely a mis¬ 
nomer. Mauve and magenta were the colours first 
obtained, and they were formed by tho action of oxi¬ 
dising agents upon commercial aniline, which at that 
time consisted of a mixture of aniline with .some of 
its homologues, especially toluidine. A large propor¬ 
tion of tho colours now manufactured are produced 
by chemical changes from other substances obtained 
from tho constituents of coal-tar, for example, naph¬ 
thalene, and by tho application of wholly different 
methods, of which tho most important i-s tho process 
known as “ diazotisation,” discovered by P. Griess in 
1865.* This consists in tho introduction of two 
atoms of nitrogen, combined on tho one hand with 

> An exceedingly interesting account was given by Perkin of bii 
own career, and of the discovery of mauve and other colours, m 
connection with the Hofmann Memorial Lecture. Hay 1893, of 
which a full report appears in the TranMctioru of the Chmioal 
Society for 1896. 

• yottm. Vhem. Soc., 18, 
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carbon, and on the other with an acid radicle or ' 
other group. Most of these compounds are un¬ 
stable, and decompose with explosion when heated 
or struck, and are often rapidly affcctod by light. 

The problem presented by tho intense colour 
and tinctorial power of the "organic” colouring 
matters has been much debated during the last 
forty years, but so far without the cstabli.shment of 
one general theory. In fact, it seems improbable 
that substances so diverse in compo.sition and in 
constitution .should agree in any one pccidiarity of 
structure, to which the property of selective absorp¬ 
tion of light, that is, of colour, oat\ be fairly 
attributed. 

Tho influence of molecular weight in modifying 
the shade of colour was one of tho first observa¬ 
tions made, and it was attended with practical 
results of great importance. The red dye of aniline 
—fuchsine, magenta, or rosaniline—as it. has been 
variously called, was converted into a series of other 
dyes, in which the red was gratlually suppressed and 
blue developed, by the introduction of methyl, ethyl, 
phenyl, and naphthyl groups, which are simply 
composed of carbon and hydrogen, in place of one or 
more atoms of hydrogen in the original dye .stuflT. 
We thus arrive at the following series: 

C^aNjO.Itod. 

C»H„(CHj),N 30 .... Haddieh violet. 

C,„H„(CA),N,0 . . . . Pure violet. 

0*H„(Cdli),N,0 . . . . Blue. 
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• 

A remarkable fact rfbout these compounds is that 
the bases themselves, of which the formula! are 
given above, are colourles.s, and it is only in the 
form of salts that they behave as dyes. 

There is, however, a distinction to bo recognised 
between substances which exhibit colour in the solid 
state or in solution but which are not found to bo 
capable of attaching ihcnisclvos to vegetable or 
animal librc.s, whether with the aid of a mordant or 
not, and substances which on the contrary do attach 
themselves to fibre and so act as dyes. 

The hydrocarbons generally, benzene, naphthalene, 
anthracene, for example, are colourless to the eye, 
but in the ultra-violet many of them produce absorp¬ 
tion band.s.* This corre-sponds to high oscillation 
frequency in at least parts of tho molecule, and if it is 
loaded by tho introduction of various riuliclcs in place 
of part of the hydrogen, tho absorption may he in 
some cases thrown back into tho visible regions of tho 
spectrum, and colour results. Thus benzene and phenol 
aro colourless, but by interaction with nitric acid they 
give rise to pale yellow mono-nitro compounds, which, 
however, possess none of the properties of dyes. 
However, if from phenol tho (ri-nitro derivative, 
picric acid, CjH/NOjVOH, is prepared, it dyes silk 
and wool light yellow. There are many similar facts, 
which are perplexing and at present have received 
no adequate explanation. 

^ Hartlej, Joum. Cktm. Soc., 39,153 (1S81), and many later papers, 
especially Hartley and Dobbie. Joum, CKem. Soc,, 73, 598 (1898). 
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Two. principal hypotheses lAve been put forward 
to connect colour and dyeing properties with chemical 
constitution. The former of those was proposed by 
Otto N. Witt in 1876.* According to this hypotho.si.s 
tinctorial power is attributed to the introduction of a 
group called a chromoplwr, which entering a molecule 
of a particular constitution, called a chromoiie.it, 
produces colour. Thus NO^ is a chromophor when 
introduced into benzene, but the product is not a 
dye unless one or more salt-forming groups, such as 
hydroxyl, are included at the same time. 

The second hypothesis referred to is based on the 
observation, originally pointed out by Gracbo and 
Liebermann,*. that all organic colouring matters, 
certainly all those known at the dale of their pa|)cr 
(1808), are very easily converted into pale or colour- 
loss substances (Icuco-conipounds) by the action of 
reducing agents. From this they inferred that these 
coloured substances contain iinsnturaled elements, or 
that certain of their constituent atoms arc combined 
together in a peculiar intimate manner. Those facts 
have been handled by Professor Armstrong in a 
series of papers, of which the first was communicated 
to the Chemical Society in 1888.’ lie appears to 
support the view that in every case of colour among 
carbon compounds the .substance has a constitution 
which is comparable with that of quinone, that is, it 
contains a closed ring of six carbon atoms, it is 

> SerKhte, 9, 622 (1876). ’ Beriehle, 1. 106 (1868). 

* Prcc. CKm, Soc., 4, 27 ; also Ptoc. Chm. Soe., 1892,1893, 1896. 
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un'«iturated, and incjudes two bivalent groups in 
either the para or ortho positions relatively to each 
other. The hypothesis requires to be somewhat 
clastic if applied to such cases as some of the 
coloured hydrocarbons and to such a compound as 
iodoform, which contains only ono atom of carbon. 
There has been much manufacture of hypothesis in 
connection with this question of the production of 
colour, but the assumption of quinonoid structure in 
one of the components entering into the constitution 
of many dye stuffs is still in favour with many 
chemists.' 

The production of coloured salts by certain colour¬ 
less acids, violuric acid for example, represents 
another class of changes in which isomerisation 
must bo admitted.* 

Turning from the production of colouring matters, 
a survey of the applications of “ organic ” chemistry 
to useful purposes reveals such a variety and wealth 
of material that the pages of no single book could 
contain oven a superficial sketch of the whole. And 
it is not posssible, therefore, in this place to do more 
than point out the most important of the directions 
in which the greatly enlarged knowledge of these 
modern times has been applied. 

The arts of peace and of war have alike profited by 
the discoveries of the chemist. In medicine the 

^ See, for example, Green, /oum. Chtm. Soc., 103,925 (1913). 

* See also M. A. Wbiteie^, Joum. CAm> Soc., 77,1040 (1900), and 
83, 24(1903). 
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physician is now provided with a bewildering host of 
new agents. The introduction of antiseptics by Lister 
produced a revolution in the practice of surgery as 
great as that which resulted from the use of the anivs- 
thetics by which pain is abolished, and both those 
classes of agents are obtained from the laboratory of 
the chemist. And now we have a choice of a great 
variety of chemical compounds produceil liy synthe¬ 
tical processes, and of which the phy.siological action 
has been more or less completely investigated and 
shown to be applicable to the treatment ot dis¬ 
ease. It is only necessary to recall a tew out of 
the scores of substances which have been pro¬ 
posed for use. Among antipyretics there arc anti- 
febrine (acetanilide, C^Hj.NU.CjH/)), phenacotinc 
(aceto-para-phenctidino, C'|,H,(Ot UI j.NH.thHjO), 
and antipyrine or phenazono (phcnyl-dimethyl- 
isopyrazolone, CH -1]0 

II >N.CA)- 

(f.tJHj-N.tJH,,. 

Among anodynes and hypnotics there arc paraldohyd 
(CeHijOj), chloral (CtJlj.COH) and its combina¬ 
tions, sulphonal (dimethyl-methanc-diethyl-sulphonc 
(CH 3 )jC(SOjCjHj)j), and others. Among anuisthetics 
there are not only the long familiar chloroform and 
ether, but many substances of value for the produc¬ 
tion of local insemsibility to pain. Of these, the 
alkaloid cocaine and its various derivatives and 
substitutes are the most remarkable. The employ¬ 
ment of antiseptics has extended beyond the 

0 
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'■ application made by the surgeon in the treatment of 
wounds, and the sanitarian as disinfectants, to the 
preservation of milk, meat, fish, and various other 
articles of food, until it has now become a question 
whether the use of these substances in an indis¬ 
criminate manner may not before long require more 
serious legislative restriction. 

The U.SO of explosives is not now confined to their 
application to warlike purpo.ses. The di.scovery of 
nitro-glyccrin' and its employment in the form of 
“ dynamite ” have contributed in no small degree to 
the assistance of work which makes for peace, in 
road and tunnel making, in quarrying, in shattering 
rooky obstructions in rivers, and generally to the 
purposes of the engineer. Nitro-glycerin is a colour¬ 
less heavy oil which at low temperatures freezes into 
a crystalline mass. When first used in the liquid 
state, under the name of Nobel’s explosive oil, many 
accidental explosions occurred, but in 1867 Alfred 
Nobel* hit on the valuable idea of rendering it at 
onco more easily portable and less dangerous, by 
incorporating it with a certain proportion of kiesel- 
guhr, a fine silicions earthy material. The product, 
a stiff solid, has since been n.sod under the name of 
dynamite in over increasing quantities. The name 
dynamite is now also applied to certain other mix¬ 
tures, containing nitro-glyserine, in which the kiosel- 
guhr is replaced by charcoal or other solids. The 

‘ By A. Sobrero, Compt. Rend., 24, 247 (1847). 

> English Patent. 1346 (1867). 
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shattering power of dynamite* renders it less useful* 
than old-fashioned gunpowder in mines and quarries 
whore the “getting" of the stone or mineral is the 
object in view. 

Discovered by I’elouze about IHDS, gun-cotton is 
also a famous explosive; but the difficulties attending 
its manufacture and storage at first intorl'erod with 
its production on a largo scale, while the ra|)idity of 
il.s lixplosioti, as compared with that of the olil black 
gunpowder, prevented for a long time its u.so for 
artillery purjawes. By attention to certain details in 
the purification of the coltoti, both before and after 
its immersion iti the nitric acid, the stability of the, 
product is now insured; and by mixing it with other 
tiitrates, and with various combustible, but not 
oxplosiblo, substances which serve to ilitnitiish the 
rapidity of its combustion, and so danq) the violence 
of its action upon the gun, explosivc.s are now freely 
manufafjtured which are applicable to sporting as 
well as to warlike purposes. These mixtures, known 
under the names of Scbiiltze’s powder, cordite, &<■., 
are valued for their smokeless eotnbustion. 

It is unnece,ssary to add further to the list of 
applications which have been made of the "chemic 
art” so far as concerns compounds of which the 
atomic framework is composetl of carbon. The 
development of the indtistrial production of organic 
dye-stud's, drugs, antiseptics, explosives, illuminat¬ 
ing oils and gases, perfumes, artificial substitutes 
for natural india-rubber, ivory, parchment, and many 
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Vither things familia# in daily life, proceeds with 
increasing rapidity, and the pages of journals of 
chemistry are crowded with the description of new 
compounds. The fertility of tho methods employed 
seems to show that for tho present tho commonly 
accepted views of structural chemistry are sufficient, 
and will perhaps prevail for some years to come. 
There are, however, indications that ideas of valency 
require considerahlo modification, and when that 
mo<tification has been agreed upon change.s in formidic 
will undoubtedly follow. 

Some earlier pages of this chapter wore occupied 
with the consideration of tho successive discoveries 
by which it has been shown that many of tho 
definite chemical compounds, which were formerly 
derived solely from organic sources, have been 
successively produced by the operations of the 
chemist, independently of animal and of plant. 
Anyone who attentively considers the details of such 
laboratory |)roce.s.ses as have been described, must 
at once perceive that the chemist and the organism 
proceed by very different ways to the attainment of 
tho same result. The methods of the laboratory 
commonly require the employment of strong chemical 
agents, caustic alkalis, acids, and tho like, as well 
as a high temperature. The range of temperature 
within which processes of growth, of secretion, or of 
excretion go on in tho plant or animal is restricted 
to a few degrees; and the chemical changes occur 
within a medium, the sap or blood, the composition 
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of which is extremely complicated, and altof^the^ 
unlike any reagent employed hy the chemist. 
Whether it will ever lie possible to discover the 
precise nature anil order of the changes by which 
a plant, for example, produces sugar or starch out 
of carlionic acid and water, is a question which does 
not admit of profitable discussion in the present 
state of knowledge; but the study of the remark¬ 
able chattges whii'h go on in the long familiar 
process of alcoholic fermentation has led to a great 
cxtonsioti of our ktiowledgo of one class of agents 
employed in the living organism, and a brief outline 
of the sticccssive theories which have been advanced 
in regard to the natitro of the fermentive process 
itself will tiot bo out of place. As every one knows, 
wine is made from gra|K'-juico, liecr from solution of 
malt or .sugar, eider from the juice of apples, and so 
forth. It is also familiar knowledge that the bever¬ 
ages which result agree in containing alcohol, which 
is formed, together with carbonic acid, out of the 
elements of the .sugar originally pre-senl in the liquid, 
and which after fermentation is much reduced, or 
(dtogether disappears. But every one does itot 
know what are the conditions which arc es.sential to 
this transformation, and what products, if any, are 
formed along with the alcohol and carbonic acid. 
Thanks to the researches of Pasteur, these condi¬ 
tions are now pretty well established. A solution 
of pure sugar in water may be kept without change 
for an indefinite length of time, but if to this liquid 
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ijs ftddod a minute anjount of a phosphate, together 
with a little nitrogenous matter, even in the inorganic 
form of an ammonium salt, fermentation will set in 
almost immediately on addition of a small quantity 
of yeast, or, after a longer and variable interval of 
time, if the liquid is exposed freely to the air. If 
yeast has not been added, it will nevertheless be 
found in the liquid as soon as fermentation has 
manifestly commenced, and its presence has been 
traced to the admis.sion of stray yeast cells or spores, 
which arc now known to exist along with other 
organisms, in countless numbers, floating in the air. 
During the process the temperature must not be 
allowed to fall below about 40° F., nor to ri.se much 
above H0° F. 

The destruction of the sugar is indicated by the 
gradual loss of sweetness by the .solution, carbon 
dioxide gas makes its escape with effervescence, and 
the liquid retains alcohol with a small quantity of 
amyl and other alcohols (foiisel oil) and succinic acid, 
which are always produced from the action of the 
yeast on the proteins present in small quantity in 
the raw materials. A little glycerin is also formed, 
the source of which is uncertain. If a definite 
amount of yeast has been added, it will be found 
to have increased in quantity, and the cells of which 
it is composed show under the microscope the 
process of multiplication by budding. 

Reduced to its simplest form, this is the pheno¬ 
menon exhibited during the change of sweet vegetable 
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juices into wine, an an which has been practiseilj 
from the earliest times of which trailition brings us 
an account. Notwithstanding its great antiquity, 
however, no detinilc knowledge concerning the 
nature of the proceas was secured until tiinos well 
within the period to which this book refers, and 
although various theories were propounded at siic- 
ce.ssive periods, from alchenncal times onwards, they 
were for this very rouson all beside the mark. The 
changes which have ooeiirred within iho last fifty 
years in the hy|Jolheses relating to alcoholic fermenta¬ 
tion. have licen brought about in consequonce of 
the gradual recognition of the essential part played 
in the proco.ss by the yeast which is always present. 

Of the several theories in the field forty years 
ago, the most generally accepted was that of Liebig. 
Regarding yeast merely n,s a putrescent mass, ho 
supposed the peculiar state of atomic motion, 
hypothetically prevailing in all substances in that 
condition, to be transmitted by contact with the 
sugar to the atoms of that compound, which were 
thus .shaken asunder so as to give rise to new 
products more .stable than itself. This kinetic idea, 
not objectionable in itself, but only because it paid 
no regard to established facts, Liebig maintained in 
some form or other to the end of his life. But in 
science fact stands tieforc authority, and notwith¬ 
standing the influence of the great German chemist, 
his theory was on the point of being finally over¬ 
thrown at the very time when, at the head of one 
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^of' his celebrated letters on Cliemietry he was 
declaring the “theory which ascribes fermentation 
to fungi refuted.”* For in 1857 Pasteur began the 
long .series of researches on fermentation ujxin which 
so largo a part of his great fame rests. Roviring 
almost forgotten observations of Cagniard de la Tour * 
and of Schwann,® who had established the true nature 
of yeast as a unicellular organism of spheroidal form, 
invariably associated with alcoholic fermentation, and 
the life and fermentive activity of which was de- 
.stroyed by heat, Pasteur completely established the 
vitalistic theory of the process. According to this 
doctrine the change of sugar into alcohol and carbonic 
acid is a consequence of the multiplication in the 
solution of the cells of the yeast which, for the purposes 
of its own growth, apparently uses the sugar as its 
food; while the alcohol and carbonic acid are to be 
regarded as excretory products, the various by¬ 
products resulting either from changes in the nitro¬ 
genous matters accompanying the sugar or partly 
as the result of metabolism in the constituents of the 
organism itself. Here is, then, an example of chemical 
changes which accompany the development of a 
specific organism under certain definite conditions. 
If the organism is changed, or the conditions are 
changed, different effects ensue. 

^ Fourth edition, 1669, Letter xxi. 

^ 'Mtooire sor l4 fermentation Tineose.” inn. Chm. PkyD., 68, 
206 ( 1888 ). 

* “Verenohe tiber d. Weingihnmg und Fftulniss,” Pogg. inn., 
41.184 <1887). 
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But the decomposition of sugar into alcohol 
carbonic acid is not the only change which may 
be spoken of as fermentation. The lactic ferment 
is another organism more minulo than yeast, and 
presenting a different rod-like form, which has the 
power of changing sugar into lactic acid. In this 
case the action soon comes to an end if the liquid 
is allowed to liocomc acid, hut this is easily prevented 
hy .stirring into the liquid a sufticient ipiantity of 
chalk, which neutndiscs the acid as fast as it is 
prialucod. A third organism is cndow'ed with the 
specific function of breaking up huaie acid into 
butyric acid, carbon dioxide, ami hydrogen. In this 
case a pecadiarity of the jirocms lamsists in tho fact 
that the prc.scneo of air is unfavourable to the 
development of the organi.sm, and is even capable 
id sus[X!nding the proce.ss of fermentation. In like 
manner it has come to be recngnisetl that a con¬ 
siderable number of changes, formerly supposed to 
be purely chemical, are brought aliout by the influ¬ 
ence of minute cellular organisms, some of which are 
known ns bacteria (fiaKTitpia, a stick or staff) or bacilli 
(baciUum, a little stick), from their cylindrical, rod- 
like, or spindle-shapetl forms. 

The vitalistic theory of fermentation connects the 
chemical changes, of which alike the materials and 
the products have in many cases long Iteen known, 
with tho existence of certain lowly forms of life. 
The presence of these organisms in contact with the 
liquid, under proper conditions, determines the de- 
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.^ortiposition which ii\ their absence does not take 
place. This theory was practically established "by the 
roaearchos of Pasteur by the year 1861, and though 
in some minor particulars further knowledge is very 
desirable, the recognition of the main principle has 
boon attended with consequences of importance so 
great as to be inestimable; for by means of these 
earlier discoveries Pasteur was led to the still more 
valuable pathological investigations which followed 
continuously down to the close of his life. To say 
that Pasteur effectually and finally disposed of the 
doctrine which affirmed the possibility of spontaneous 
generation, and that from the organic theory of fer¬ 
mentation ho was led to the “ germ theory ” of disoa.se, 
is to repeat what is familiar to all the world; but 
it is not possible in this place to follow the counso 
of the marvellous discoveries connected with the 
chemical and physiological effects of micro-organisms, 
or ferments, as they may all be called. And refer¬ 
ence is made to this subject only in order to lead 
back to a series of facts which have gradually come 
to light concerning the chemical properties and re¬ 
actions of certain nitrogenous constituents of animal 
and of vegetable tissues. The compounds referred 
to are soluble in water, are coagulablc, and in any 
ease rendered inert by the application of heat, as 
well as by contact with strong chemical agents. 
Such compounds, which doubtless originate in some, 
at present mysterious, change in the "protoplasm,” 
or living substance, are endowed with the power of 
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transforming a relatively larje quantity of aom<^ 
other eomjKmml into siinjiler material. They are 
generally referred to as enzyinex, or somolinies lc.s.s 
appropriately as aolnhle ferments. The.so snhstaneos 
are very widely diffnsed in both the animal and 
vegetable kingdoms, and many of theni are eoneemed 
in proce.ssc.s whi<'h have heon long fannliar. Thus 
it has been known for a century "r i.mrc that malt 
contains a solnhlo material to which the name 
iImkIouc has been given, which ha.s the power ot 
rendering starch .solnhlo in water hy converting it 
into a kind of sugar. One of the most familiar of 
enzymes is the snhstan(;e contained in rennet, a 
Hnid ohtidned from the stomach of the calf, which 
has the power of coagulating the casein of milk, and 
is for this pnrp(j,so emjdoyed extcasively in the mann- 
factnro of cheese. It has ais(t long been known that 
■sweet and bitter almonds in the dry -state are both 
without special odour, Imt that when the bitter 
almond is ernshed in tho presence of water, the 
charaeteristic volatile essence, consisting of benzal- 
dehyd, begins immediately to bo formed. It was 
Liebig who discovered that the bitter almond con- 
tain.s a crystalline snbstanee. amygdalin, 
which, in contact with a pecidiar soluble albuminous 
matter existing in both .sweet and bittej almonds, is 
resolved by the assumption of the elements of water 
into glucose, prussic acid, and benzaldehyd. The 
pungent oil of mustard is developed in an entirely 
similar way. In the " pepsin" of the animal 



220 THE PBOGKESS OF SCIENTIFIC CHEMISTKT [CHip. 

^stamach there is aijother example of a soluble 
enzyme, which in this case is specially actiye in 
causing the degriulation and simplification of the 
complex alhurainoids of food, converting them into 
solulilo materials called “peptones,” which probably 
pass directly into the blood and are assimilated. 
Great attention has been given of late years to the 
recognition of these enzymes, and to the study of 
the changes which they bring about. Their re¬ 
markable activity is still a mystery, but the rapidity 
and energy of their special eft’ects are often greater 
than the corresponding effects produced by the 
recognised chemical agents of the laboratory. 

It has been stated that the peculiar function of 
these compounds is “hydrolytic”; that is, they are 
believed to act by causing the addition of the 
elements of water to a great variety of compounds 
which are then resolved into simpler molecules. 
This does, indeed, appear to be the usual mode of 
action exercised by these remarkable and complex 
substances. Nevertheless there is evidence that in 
some cases at any rate the process is reversible, in 
the same sense that so many other chemical changes 
are reversible, in consequence of the interfering in¬ 
fluence of the accumulation of the products of change. 

Cane sugar under the influence of an enzyme 
extracted from yeast yields “ invert sugar,” a mix¬ 
ture of equal numbers of molecules of glucose and 
fructose: 

-f- HjO “ OflH jjOg -t 
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Maltos^, which is isomeric with caue sugar, spfit^ 
under similar conditions into two molcules of 
glucose: 

It has been discovered' that this })roccas in the 
case of maltose is hindered by iwMing glucose to 
the liquid, and that when the enzyme is .-idded to 
a strong solution of glucose some of it is converted 
into maltose. Whether a solution of maltose or 
a solution of glucose of the same concentration is 
employed, the tendency is to the produetioTi of a 
state of equilibrium among the products of the 
change, .so that the licpiiil ultimately contain.s 
malto-se and gluco.se in the .same proportions to 
each other. 

But some of these aolublc enzymes appear to lie 
capable of acting in an altogether different way, 
for it has been found by E. Buchner ' tliat yeast cells, 
when ruptured by grinding with sand an<l a little 
water, yield a liquiil which, after filtration, has the 
power of producing the fermentation of .sugar, 
although it appears to bo quite free from yeast colls. 
The soluble substance, zymase, so obtained is 
apparently allied to the proteins, and its power is 
destroyed by he,ating to about 50° (f, whereby an 
albuminous sulrstance is precipitated. It may, how- 

' A, C. Hill, “ Reversible Zymohydrolysis,*' Joum. Clufa. Soe., 73 
(1898). p. 634; “Reversibility of Enzyme or Ferment Action." 83 
(1903), p. 678. 

’ *rK*lc, 80,117 (1897). 
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wver, be evaporated 'to dryness and redissolved in 
water without destruction of its activity, provided 
the temperature has not been allowed to rise 
too high. 

Wo cannot doubt that .substances of the nature 
of enzymes are generated abundantly in the tissues 
of both plants and animals, and that the secretions 
which are so intimately associated with the opera¬ 
tions of digestion and other functions of the body, 
owe their special characters to the presence of 
peculiar substances of this order. There is also very 
little doubt that they are very similar in composi¬ 
tion, in constitution, and in chemical properties, and 
probably they have a similar, or nearly similar, 
origin; but of their differences we know practically 
nothing, except by observation of their different 
effects ; and as to their origin and modes of action, 
there can be in the present state of knowledge 
nothing beyond conjecture. That they are also 
connected with the manifestation of disease there 
. is groat probability, and .Tenner’s great discovery 
and Pasteur’s extension of the same principle, in¬ 
volving the use of attenuated or modified virus to 
neutralise the effects of the morbid secretions in 
the body, are doubtless dependent upon the special 
chemical effects of complex substances having the 
character of enzymes. 

But here we reach the borderland where chemistry 
and physiology meet. Each has something to leam 
from the other. The chemist finds in the enzymes, 
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which,for the present are procurable only from Ih# 
living organism which probably no laboratory syn¬ 
thesis will ever replace, agent-s which arc often indis¬ 
pensable in his study of the more complex carbon 
compounds. The physiologist, on (ho other hand, 
must acknowledge that structural chemistry has 
given him the clue to many othcrwi.sc inexpli<'ablo 
transformations hiking place in (lie body; while the 
pharmacologist and the physician, who arc familiar 
with the history of the scientide labours of I’lusteur 
from beginning to end, will admit (hat the disci|)linc 
of the chemical laboratory is no bad jireparalion for 
the business of the scicnlitie pathologist. 


BIOGRAPHICAL NOTES 

Henuy Eowako ArmstboN'o, Ph.D,,LL.D., F.It S. I’rofeMHir 
of Cheinistry in the City ami (tiultla of Loialon Central 
College. Retired 1013. 

Edocarii Buchskr, (luheim-Rat. Ordinary I’rofeaaor of 
Ohoraiatry and Director of the (.'heinical Inatitnto, Itniveraity 
of Wiiraburg. 

Charles Caoxiard la Toi r, horn Slat March 1777 
French engineer, created a baron in IslH, Afterwarda became 
a member of the French Academy of Science. 

Died 6th July 1S59. 

[PoggendorfFa Handworterbtifh, vol. iv.] 

Heinrich Caro waa born at Poaen, 13th Feb. 1834. For 
three yeara a student in the Trade School in Berlin, he 
attended lectures at the University at the same time. In 
1666 he obtained a place in a cotton printing works at HUl- 



224 THK PROGBESS OF SCIENTIFIC CHEMISTRY 


iieiln. In 1859 he came tjO England and entered the firm of 
Koberts & Dale of Manchester, in which ho soon after became 
a partner. In 1867 he left England and settled in Heidelberg, 
where he assisted in building up the Badische Anilin und Soda 
Fubrik at Maimhoini. 

Hu died in Dvusdon, lltli Sept. 1910. 

The important part played by Caro in the developmont of 
the coal-tar colour industry can only be understood after 
reading the whole story of his life. 

1“ Heinrich Caro.” Naehruf v. A. Uevnthsen. lin., 45,1087 
(1912).] 

James Johnston D(Mm[K, M.A., D.Sc., LL.D., F.K.S. Prin¬ 
cipal of the (rovernment Laboratories. 

Baldwin Francis Duita, born 10th Feb. 1828, at Rouen. 
A student under Hofmann at the Royal College of Chemistry, 
but worked chiefiy in his private laboratory. Associated in 
rosearclios with W. H. Perkin, sen., and with E. Frankland. 

Died 10th Nov. 1873. 

Emil Fihchkh, Excellenz, Wirklicher (leheim-Rat, F.R.S., 
Professor of Chemistry in the University of Berlin. 

George Fownes, born 14th May 1815. Having early shown 
a taste for experiment, he became a pupil of Mr. Thomas 
Everitt, lecturer on chemistry at Middlesex Hospital. Sub¬ 
sequently he worked under Liebig at Giessen, and graduated 
Ph.D. Later ho assisted Graham at University College, and 
lectured at Charing Cross Hospital. In 1842 lie became 
Professor to the Pharmaceutical Society, jwid in 1846 Pro¬ 
fessor of Pnvctical Chemistry at University College. He 
died of phthisis, 31st Jan. 1849. Fownes was a very active 
experimenter, and among his discoveries may be mvntioned 
furfural, furfurine, and amarine. 

[Obituary, Joitrn. Chem. Soc., 2, 184 (IH.50).] 

Carl Graebe, Gelieim-Rat, Professor (from 1878 till recently) 
in the University of Geneva, where he succeeded Marignac. 
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JoHA>tN Pktkr (iRiKHrt, bom at KiA^hhoBbach, HesBe-Cauel^ 
6th Sept. 1829. A student first at the Pul)'technic in Oassel, 
then in the University of Jona, and in 1851 at tho Univoraity 
of Marburg. In I8r>8 lie canut to London as asaistant in the 
Royal College of Chemistry vimler Hofmann. In 1862 ho was 
appointed chemist in the brewery of AllBop Sons at lUirton- 
on-Tri*nt. 

Ho died suddenly at llournemouth, .'{nth Aug |hhm. 

[“Znr Kiinnoriuig an Peter (Jrioss” liy Hofmann, Kind 
Fischer, and (’aro. Her., 24, Kef. 1 (k>T U '!M) j 


Wai.tkr Nokl IlARTl.hY, Kilt, F.U S., was kirn in 1846. 
After lictiiig for .soinu years us Demonstrator of ('homistry 
in King's College, Luidon, he aas ajijxnntod Professor of 
Chemistry in the Koyal (V)llego Sirieiice, Dublin, from which 
office he retiriel in 1911. In 196f> lie was nwanled the 
Longstafl Med.d of the Chemieal Society foi- his reHciirches 
in spectn'-eluuiiistry 
Hoiliod loth Septemlwr 1913. 

VVir.LtAM Hkmi^, born at Manchester. 12th Deo 1771. 
Doctor of Medicine aii<l mannhu-turor of “ Henry's magnosia,” 

&c. 

Died 2mt Sept IHIP). 

[PoggondorH's Hiwihn,r{irfiu<h.^ 

ARTtU'R CRorr Hili-, M.A., M.D. Camh. Physician. 

Edmuni> Jks'NKU, born 17th May 1749, at Berkeley, OIob. 
A pupil of John Hunter. M.D, F.R.S. Discoverer of vac¬ 
cination. 

Died 26th Jan. 1823. 

[/>i<-tjr)narj/ of Hational hvH}Tiiphrj.\ 

Carl Likrkrmann, (leheim-Rat, Professor (Extraordinary) 
of Organic Chemistry in the University of Berlin, also Pro¬ 
fessor of Organic Chemistry in the Technical High School, 
Charlottenburg. 

V 
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^ Lord Li8trb (Joseph fjUter, Ist Baron), born at Upton, in 
Essex, 5th April 1B27. A member of the Society of Friends. 
Educated at University College, London. In 1856 became 
Assistant Surgeon in Edinburgh Royal Infirmary, and in 1860 
Professor of Surgery in the University of Glasgow. At this 
time ho Iwgan his work on the application of the principles 
discovoied by Pasteur to surgery, and established the anti- 
soptio system which has since been adopted throughout the 
world. In 1861) ho was appointed Professor of Clinical Surgery 
in the University of E<linburgh, where he remained till he 
removed to King’s College, London, in 1877. Surgeon Extra¬ 
ordinary to Queen Victoria 1878, Baronet 1883, Sergeant 
Surgeon to King Edward VII, President of the Royal Society 
18‘>r)-l!H)(). Received the Order of Merit, and many other 
honours. 

Died loth Feb. 1012, 

[Obituary, l*ror. Rmi. Svc., vol. 80n (July 1913).] 

Alfuki) Nobkl, born in Stockholm, Slst Oct. 1833. Studied 
chemistry in St. Petersburg. Invented dynamite (1867), and 
founded many mauufuetories of smokeless powder. 

Died 10th Dec. 1806. 

[Poggondorft'’8 HamivorUrhuch, vol. iv.] 

Louis Pastkur, born at Dole (Jura), 27th Dec. 1822. The 
son of a tanner in hmnblo circumstances. Partly educated at 
Arbuis, he graduated B. i s L. at Be 8 an 9 on. Iii 1843 he gained ad¬ 
mission to the Kcolu Normalo, Paris, attending at the same time 
the lectures of Dumas at the Sorbonno. His attention having 
been drawn to the study of crystals, he proceeded to a system¬ 
atic examination of the tartrates as related in (Chapter Vll. 
In 1848 lie was appointed Professor of Physics at Dijon, and 
soon afterwards at Strasbourg. In 18.54 ho was made Dean of 
the Faculty of Sciences at Lille, and was led to the study of the 
process of alcoholic fermentation, one of the industries of that 
district. Here he established the vitalistic theory, and laid 
the foundation of the modern science of bacteriology. Id 1857 
ho was recalled to Paris as Director of Scientific Studies at the 
^cole Normale. In 1862 he was elected a member of the 
Academy of Sciences, Researches with important results 
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rapidly followed one another; spontaneous generation, tke 
acetic fermentation, the souring of wine and l>eer, the silkworm 
disease were subjects whicl) successively engaged his attention, 
and led on to the iduntiHcation of piithogenic organisinN, and 
later to the discoveiy of tlm etfectn 4tf atUnnialed virus and 
iinnmnisation from disease. 

'J'ho Iinstitut Piistfiir was ojn-ncd in November ISbH, and 
there tlie (uinains of the great discoveror rest. He died ^Hth 
Sept. IHJt:.. 

[Pasteur Memorial Lecture. Pen) P. Fianklaiid. Jouni. 
(’hnn. .SV., 71. Gh.'J (ISUT).] 


Wii'.MVM HiNK\ Pkhkin was Iwirn in L<»ndon, liJth March 
Having lecened some instruction in chemistry at the 
('ity of Ijondoii Scli>M)], he was admitted, at the early ago of 
lifteon, to tho Royal College of Chomibtry under Hofmann. 
He was 6(K)n occupieduith research, and winlo engaged on an 
attempt to svnthesise ipiinino, obtained the tiist artiticial dye 
“ mauve " or aniline purple. Ten years later he was an indo* 
pendent discoverer of a process, juacticable on a largo scale, 
for tho production of ah/arin indepen<lently of the plant. 
The later years of Ins life w-to devoted to a systematic inves¬ 
tigation of tile rel.ttioi) lietween the composition of conipuunds 
of all kinds nml their magnetic circular polarisation. Hut 
Perkin Hccomp)islnMl a large amount of w.ek in other direc¬ 
tions, including tlie synthesis of glyronne, comnann, ami 
tartaric acid. 

Ho died on 1 Uh duly lt)07. 

fObituary notice by R. .Mcldola. Jouni ('Ikiu. Soc., 1)3, 2:^14 
(11K)H).1 

JoHKi’H L<u I' Phoi hT, bom at Angers 17f)r*. liecaine Chief 
Apothecary at tho SalptHriire Hospital in I’ans. Afterwards 
Professor of Chemistry at tho Artillery School in Madrid 
till he retired. Concerning his must important work see 
Bkrthollet, Chap. I, p. 17. 

He died at his native town, 6th July 1820. 

[PoggendortTs Handvx/rtnhuch.] 


Carl ScHORLeiutBR, bora at Darmstadt in 1834. He wm 
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€i!ucated at Darmstadt, a^d under Will and Kopp at Giessen. 
In 1858 he came as private assistant to Roscoe in Owens 
College, Manchester. He remained as Demonstrator, and 
ultimately as Professor of Organic Chemistry in the Victoria 
University. 

Ho died in June 1892. 

[Obituary by A. Harden. Jouni. Ckm. 8'oc., 63, 746 (1893).] 

Theodor Schwann, born 7th Dec. 1810. M.D. Berlin 1834. 
Biologist, awarded the Copley Medal of the Royal Society 
1845. Professor at Louvain, and afterwards at Liege, Belgium. 

Died 11th Jan. 1882. 

[Poggendorft’'8 Uaiuiwortfirbuch.] 

Ma.xweix SlMi'MON was born at Beech Hill, co. Armagh, 
Ireland, on 15th March 181.5. Having early determined to 
pursue chemistry, he attended first Dumas’ lectures in Paris, 
and afterwards worked for two years in Graham’s laboratory 
at University College. Ho then becjvmo Lecturer in Chemistry 
at a medical school in Dublin, and to (pialify for this position 
took the degree of M.B. This post, however, he relinquished 
in order to continue his study of chemistry, which he took up 
again under Bunsen at Heidelberg and under Kolbe at Mar¬ 
burg. Ill 1857 ho worked for two years with Wurtz in Paris, 
and then settled in Dublin and set up a private laboratory. 
In 1872 he became Professor of Chemistry in Queen’s College, 
Cork, and this he retained till his rotiromont in 1891. 

Ho cliecl in London, 26th Feb. 1902. 

[Obituary notice, A. Seiner. Joiirn. Cliim. 8V., 81, 631 
{1902}.] 

Otto Nikolaus Witt, Geheim-Rat, Professor in the 
Technical High School, Charlottenburg, Berlin. 



[chap. VII 


CHAin'EH VII 

THK ORIlilN (IF STKIiKll-( II^■MI^THV--L■(IN.STI- 
TUTIOXAl. KOHMl'l,.!' IX SI'.M’K 

WnEX a ray of light passes through a crystal of 
loolaiid spur it exhibits the familiar phenomenon 
of (louhio refraction; that is to say, tho ray in 
entering the crystal diviiles into two rays, which 
emerging .separately, give rise to two di.stinct images. 
These two rays are pofucwd at right angles to each 
other. Light niay also ho (ailarisod by retleetioii; 
in that ea.se, one half the light is rutleeted, the other 
half passes into tho reflecting surface, and is either 
stop[K!d and ceases to proiluco tho oflect of light, 
or it is tmnsmitted. 

The discovery, however, which in connection with 
tho subject about to bo diseu.sseil ])osse.s,se.s tho 
greatost intorcst, was matlo early in the nineteenth 
cen^tury by tho French physicist Biot. Ho found 
that a ray of light polarised in one plane has that 
plane twisted to the right or to tho loft in passing 
through certain substances of organic origin, such 
as sugar, camphor, and oil of turpentine when in the 
liquid state. He also observed that tho angle of 
rotation of the plane of polarisation differs in dif- 
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ferent substances, an^ is directly proportional to 
tSe thickness of the layer of transparent substance 
through which the ray passes. 

Now there are two classes of materials which 
have the power of rotating the polarised ray. 
Crystalline solids, such as quartz or sodium chlorate, 
represent one class, and the optical power which they 
possess in the solid state is lost when they are 
liquefied by fusion or solution in a solvent. In 
such cases it would appear that the optical activity 
of the crystals is attributable to a peculiarity in the 
arrangement of their molecules one upon another, 
and not to any want of symmetry in the internal 
constitution of the molecules themselves. The other 
class includes those substances already mentioned, 
which exhibit their characteristic properties in the 
liquid state. In such cases it is fair to infer that 
the arrangement of the molecules has nothing to 
do with the phenomenon, which must be due to a 
peculiarity inherent in each molecule. 

Common tartaric acid, obtained from the “ tartar ” 
deposited in the fermentation of wine, when dis¬ 
solved in water rotates the polarised ray very 
strongly to the right. Its salts have the same 
property in different degrees. But the tartar got 
from grapes grown in certain districts (it was origin¬ 
ally observed in tartar from the Vo.sges) yields an acid 
called racemic acid, which, while agreeing with tartaric 
acid in composition and in general chemical pro¬ 
perties, differs from it in being optically inactive, for 
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a ray of polarised light passes through a solution of 
the acid, or of one of its salts, unaltered. Raceinlfc 
acid, however, has boon shown to consist of a mix¬ 
ture of two kinds of tartaric acid in equal quantities, 
and having equal but opposite effects on tho polarised 
ray. Further, the property of rotating a jwlarisod 
ray to the right or to tho left is iLssoeiated in crystal- 
lisablo substances with a pccnliariiy of crystalline 
habit, in consequence of which they jiroduco crystals, 
the fundamental form of which is modified by tho 
development of small faces on one side or other of 
tho crystals. When tho sodium ammonium racem¬ 
ate is dis.solved in water, and tho .solution is con¬ 
centrated .so as to deposit cry.stals, I he, so cry.stals are 
found to 1)0 of two kinds, distinguished from each 
other by tho position of tho hcmihedral faces re¬ 
ferred to; .some having these faces dis|«)sed on 
one side of the prism, and .some—an equal nunilier 
—on the op[K)sitc .side, so that the two forms 
differ from each other only ils an object differs 
from its image in a mirror, or a.s tho right hand 
from tho left. (Consequently, such forms aro not 
in any position supcrpjsahlo on one another. On 
separating these crystals, .some will lie found to agree 
with the crystals formed under similar circumstances 
from common tartaric acid, and liko these, to turn 
the plane of polari.sation to tho right. The others 
having similar faces, but on tho other side of the 
crystal, turn the plane of polarisation to tho loft, 
and the acid recovered from the.se crystals presents 
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a corresponding property. Common tartaric acid, 
fteing called deatro-tartaric acid, the complenientary 
compound is called teDo-tartaric acid; mixed to¬ 
gether in equal quantities they reproduce racemic 
acid. Many similar cases are now known. 

The discovery of all these important facts is due to 
Pasteur. Having been attracted at a very early ago 
to the .study of crystallography, he was led to repeat 
an examination of tartaric acid and the tartrates, 
published by Ho la Provosbiyo many years previously. 
In tho first of a .scries of memoirs, in which he 
describes his observations and experiments on the 
relations subsisting between crystalline form, chemical 
composition, and direction of rotatory polarisation, 
he found that while common tartaric acid and all 
the common tartrates exhibit hemihedral forms in 
their crystals, and that the hemihedrism is always 
of the same kind, in paratartaric (racemic) acid and 
its salts hemihedral forms could not be detected. 
In tho examination of these compounds he made 
the capital discovery already referred to. It will be 
worth while to quote his own words, written in 1848: 
“ Lorsque j’eus dicouvert I’hemiedrie de tous les 
tartrates je mo hatai d’etudior avec soin lo para- 
tartrate double do soudo et d’ammoniaquo; mais je 
vis que les facottes tetraedriques correspondant k 
celles des tartrates isomorphos, etaient placees rela- 
tivement aux faces principales du cristal, tantot k 
droite, tantot k gauche, sur les differents cristaux 
quo j’avais obtenus. Prolongees rospoctivement ces 
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facettes donnaient les doux tJtraWrea sym4triques 
dont nous parliona precodenimcnt. Jo soparai avoc 
soin les cristaux homi6dre3 i droite, les crisUux 
hdmiMres a gauche; j’observsi scparihnent leurs dis¬ 
solutions dans I’apiiareil de polarisation do M. Biot, 
et jo vis, avec surprise ct honlioiir qiie les cristaux 
hemiislres i gauche deviaiciit a gauche le plan do 
polari.sation. . , . Les deux espis cs de cristaux sont 
isomorphes et isoniorphes avee lo tartrate corre- 
spondant; mais I’isoiiiorphisiiio so jiresento lii avec 
line particiilaritc jusiiu'ici sans exernplo; c'cst I’iso- 
inorphisni de deux cristaux dissyiiKHriqucs qtii so 
regariieut dans uii luiruir." ‘ 

Pasteur was, of course, not content to lot his 
investigations sto|) here. He proceeded to investigate 
the question whether the connection hot ween rota^ 
lory iMilurisation and hcmihcdral civslallisation are 
in all cases connected together: in fact, whether 
from observation of the one jiroperty the other may 
always ho predicted, 'riiese inquiries led him to 
the experimental study of a nuiuher of siihstances 
other than the tartaric acids, among the re.st the 
imjiortant vegetable principle asjiaraginc, which is 
obtainable from the juice of a number of plants, 
such as asparagus, marshmallow, and various species 
of legttmino.sic, e.specially, as shown by Pasteur, the 
juice of vetches blanched by exclusion of daylight. 
Having assured himself of the hemihedrism of the 
crystals of asparagine, Pasteur proceeded to examine 
’ .dun. Chim.f 3rd sericH, 24, 4&0 (184H) 
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the action of a solution of this substance on the 
polarised ray, and found that when dissolved in 
water or alkalis it deviates the plane of polarisation 
to the left. At this time only one kind of asparagine 
was known, but so confident was Pasteur in his 
belief in the correctness of the principles deduced 
from his observations on tartaric acid, that he did 
not hesitate to predict the discovery of a comple¬ 
mentary dextro-rotatory form, such that between 
these two kinds of asparagine the same relation 
would be found to exist as between right- and left- 
handed tartaric ackl.‘ Dextro-rotatory and inactive 
asparagine have, in fact, been since discovered. In 
the examination of one of the formates, the strontium 
salt, ho encountered a different phenomenon. In 
this case, while the crystals exhibit hemihedrism, the 
two opposite forms are always simultaneously pro¬ 
duced ; and when the crystals are separated, neither 
the right-hand nor the left-hand form dissolved in 
water exhibits any rotatory power. Moreover, while 
the doxtro-tartrate or laivo-tartrate, when recrys- 
tallised, never yield crystals of the opposite form, 
the formate, whether dextro or tevo, always gives 
a mixture of both kinds of crystal.* The explana¬ 
tion of the difference between these two cases was 
supplied by Pasteur himself. He says,* “Les faits 
pr^cMents conduisent ii supposor que I’h^miedrie du 
formiate de strontiane ne tient pas k I’arrangement 

* .^nn. CAtm., 3rd series, 31, 72(1861). 

* Loc. cit., |). 100. ’ Loc, cii., p. 101. 
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des atomes dans la moleculn chimique, mais’ik 
Tarrangement des molecules physiques dans le cristaf 
total, de telle maniero quo la strueturo cristallino 
une fois disparue dans I’acto do la dissolution il 
n’y a plus de dissyni^trio; a pen pres commo si Ton 
construisait un edifice ayant la (drmo oxtdriouro 
d’un polyedrc qui offrirait I’hem ieih-ie non mjierpoa- 
able et quo Ton detruirait ensiiile." ’ 

It appears, then, that if a substance in the liquid 
form possesses the power of rotating the polar¬ 
ised ray, it will produce in crystallising hemi- 
hedral forms' which arc not snpcrposablo, and 
which have the mutual relation of an object and 
its image as scon in a mirror. On the other hand, 
optical activity cannot la! inferred for the liquid 
state from the existence of hemihedral crystalline 
forms. 

The first to perceive the connection between all 
those phenomena and the question as t<i the internal 
structure of molecules poasc-ssing such peculiarities 
was Pasteur him.scif; and so far back as 18,53 ho 
was able to anticipate to .some extent the views 
accepted later by all chemists. If in two substances 
composed of the same elements, united in the same 
proportions, and having the same chemical pro¬ 
perties, we can perceive only the two differences 

> In some of these cases the hcmibedrsl form only makci ils 
appearance when a particular condition is established In the solu* 
tiOD. Thus Pasteur himself showed that calcium blmalate crystal* 
Uses in hemihedral forms from nitric acid hat not from water.— 
Ann. CkitH., 3rd series, 38, 437 (1853). 
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already described (^.e. direction of rotation and 
^emihedral crystallisation), and in many ca^ only 
one of them, namely, the optical activity, we are 
driven to the conclusion that their peculiarities must 
be connected with some peculiarity of construction 
in the molecule. The atoms composing the mole¬ 
cule in one of these compounds must be arranged 
in some way which is repeated in the other, but 
in inverse order, so that the two would be related in 
the same way as an object and its image in a mirror. 
“Are the atoms of the dextro-aeid grouped on the 
spirals of a right-handed helix, or placed at the 
solid angles of an irregular tetrahedron, or disposed 
according to some particular asymmetric arrange¬ 
ment?” If dextro- or laivo-tartaric acid is com¬ 
bined with some substance, such as potash, ammonia, 
aniline, which is inactive, and hence devoid of 
asymmetry, the inactive substonco affects to the 
same extent the activity of both varieties of the 
acid; but if the two acids arc combined with an 
active substance, such as the alkaloid cinchonine, 
Pasteur found that a pair of compounds results 
which differ in form, in solubility, and in other pro¬ 
perties. Wliile in the one case the rotatory power 
is the sum of the rotatory powers of the acid and 
the base, in the other case the rotatory power of the 
compound is the difference between the two. On 
these facts Pasteur based a method which has been 
since freely employed for the separation of the con¬ 
stituents of racemoid compounds. If racemic acid, 
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for example, bo saturated with' tho active base cmj 
chonicine, the first crystals obtained from the solution 
consist of pure cinchonicine lievo-lariralo, while tho 
whole of the dexlro-tartrato remains in the niolher 
liquor, and can afterwards bo oblainod in forms 
distinct from those of tho la‘vo-tarlra(o. 

The ideas put forth (|uit.o cloariy, but in f'oncral 
terms, by Pasteur wore long atierwards developed 
into a definite theory of structure, which forms tho 
foundation of that large department or aspect of our 
science which is called (SVcmi-c/icniistri/, or chemistry 
in space of three dimensions. 

But while the merit of creating the ba,sis ol this 
system of ideas, by providing the facts and showing 
clearly tho direction in which lurther investigation 
shoidd travel, belongs to Pasteur, it is only jitst to 
recall tho fact that the nece.ssity for a theory of tho 
kind was perceived long before Pasteurs researches 
gave the clue which led ultimately to the conception 
of the doctrine of symmetry and asymmetry in 
carbon compounds. 

The fundamental idea of stereo-chemistry arises 
immediately out of the doctrine of atoms. Dalton 
himself and others of his time, promoters of the 
atomic system, were led to consider, though without 
giving the subject much attention, tho question of 
the arrangement which united atoms must occupy 
in space, Dalton’s diagrams (Chfmiad Vhikisoiiliy, 
Part I) represent all the atoms lying in one plane, 
but the question was raised very definitely by 
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(VVollaston, so early *as 1808, at the conclusion of a 
paper in which he brought forward experiments in 
support of the atomic doctrine.' He says, “I am 
further inclined to think that when our views are 
sufficiently extended to enable us to reason with 
precision concerning the proportions of elementary 
atoms, wo shall find the arithmetical relation alone 
will not be sufficient to explain their mutual action, 
and that wo .shall be obliged to acquire a geometrical 
conception of their relative arrangement in all the 
three dimensions of solid extension.” But after 
giving some examples of possible arrangements, he 
goes on to say that as this geometrical arrangement 
of the primary elements of matter is altogether conjec¬ 
tural, it must rely for its confirmation or rejection 
upon future inquiry, and he adds, “It is perhaps 
too much to hope that the geometrical arrangement 
of primary particles will over bo perfectly known.” 

Leopold Gmelin seems to have been more in¬ 
clined to be hopeful, for in 1848 we find in his 
great Handbook of Organic Chemistry (vol. i., 
Cavendish Society Publications): “Suggestions re¬ 
specting the Relative Position of the Elementary 
Atoms in a Compound Organic Atom, assuming the 
truth of the Nucleus Theory.” “ Nearly all chemists,” 
he says, “adopt the Atomic Theory. They deter¬ 
mine the relative weights of the atoms, and their 

^ “On Superacid and Subacid Salts,” by William Hyde Wollas¬ 
ton {Phil. Trant., 98 (1808), pp. 96-102). Reprinted by Alembic 
Club, No. 2. 
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relative distances one from the bthor, or the relativg 
space occupied by each atom of the comliined 
substances, including the surrounding calorific en¬ 
velope; hypotheses are also made respecting the 
form of the atoms, &c. Why, then, should wo not 
likewise throw out suggestions witli regard to their 
relative positions?” This he proceeds to do, and 
with the aid of certain <1 priori iirinciples, lie arrives 
at the conclusion that jxita.ssiuni sulphate, for ex¬ 
ample, must have the form of a double four-sidoil 
pyramid, that cthyleno has probably the form of a 
cube, alcohol and acetic acid other I'orm.s. All 
these forms, however, require the lussumplion of a 
certain number of atoms in each moloeulo which 
would be dependent u|)on the atomic weights as¬ 
signed to each. As the.se have in many cases been 
ehanged since Gmelin’s time, his assumptions neces¬ 
sarily fall to the ground; but the arguments employed 
are interesting, as affording an example of an early 
and serious attempt to attack problems of this kind. 
At the conclusion of the discussion ho continues as 
follows: “ Even if the data of this investigation are 
defective or erroneous, I am yet convinced that all 
theories on the constitution of organic compounds, 
and all controversies as to this or that mode of 
writing rational formula;, if not supported by a 
plausible arrangement of the compound atom, will 
aid us but little in the acquisition of correct ideas. 
Look, for instance, at the controversy respecting the 
constitution of ether and alcohol between Dumas 
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|n'd Boullay on thd one side, and Berzelips and 
Liebig on the other. According to the former, ether 
is a compound of etherine with water=C,H,Aq, 
and alcohol = C,Hj 2 Aq; according to the latter, the 
hypothetical radical ethyl=C,H 5 forms with 0 the 
oxide of ethyl=ether; and this with the addition 
of lAt. water forms the hydrated oxide of ethyl 
=alcohol=C 4 H 50 -t-Aq. Now, on comparing these 
views with the explanation given, it appears probable 
that neither of them is right. At all events, neither 
ether nor alcohol can he supposed to contain water 
reatly formed. They are not hydrates ; if so, they 
would surely give up this water to burnt lime or 
baryta, which, however, i.s not the case. Neither is 
ether converted into alcohol by solution in water. 
On the other hand, ethyl is a fictitious compound, 
supposed to combine like a metal with oxygen and 
with chlorine, forming compounds analogous to tho 
metallic oxides and chloride.s. Thus hydrochloric 
ethor^CjHjCl (=€ 411301 ,is regarded as 
chloride of ethyl; but it does not precipitate silver 
solutions, &c.’’ 

Long afterwards, in 1872, the study of the 
lactic acids led Wislicenus again to perceive that 
the then existing conceptions of atoms and their 
union together were insufficient to explain the 
facts, and to suggest that they might be accounted 
for “durch verschiedene Lagerung ihrer Atome im 
Baume.”* But there the matter rested till the 
' Am. Ckim., 166. 3 ; 167. 303, 346. 
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theoiy of Van’t Hoff and Le fl*l was eniinciatod fwo 
years later.* What Van't Hoff and Lo Bel dis¬ 
covered was the remarkable fact that, in carbon 
compounds which exhibit tho property of rotating 
the polarised ray in cither direction, tho moiccide 
in every case contains at least one atom of carbon 
combined in four <liftbrcnt way-,, that is, liaving 
its four units oi v.alcncy (Kstupied with radicles 
of different composition, and ihercl'orc usually of 
different combining weights. 'I'lms in succinic acid, 
an example of an optically in.active compound, there 
are four atoms of carbon, the affiiulies of which are 
di.spo.se(l of according to the order displayed in tho 
following diagram: 


Sl'ccinic Aciii. 

o u II 0 

I I : 

H—0 -C-U-U-C - 0-11 

I I 

H H 

In chloro-succinic acid, we have a compound in 
which tho carbon atom.s arc linked together in the 
same order, but one of them has exidianged an atom 
of hydrogen for an atom of chlorine: 


* Voorttf! ttil uitlyreidiwj dtr utrucInurfoTMulrn in »/< 
phlet published hy J. H. Van't Hoff, Scjit. 1^71 repubhshed uinlcr 
the title /ittr it* formtUct dc xlructure flan» Ar>hius Nffr- 

land, 9,1874, |>p. 44r)-454; BuHftm Soc. Vhim., I’ari}*. 2'i, 187r>. jtp. 
296-301. 

Bur Us rdationt qui txUtenl tnirt la /(trinula aC'mu/ua da corps 
or^ni^ut*. ct Ic pouwtr rotatoire de Itxirs dittolulions. By J. A. Le 
Bel, BulUlin Soc. (Jhim... Paris, 22, 1874. pp. 337-347. 
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CaLORo-sncoiNic Acid. 

0 H Cl 0 

II I I II 

H-O-C-C-C-C-O-H 
I I 
H H 

In this molcule, then, one atom of carbon is attached 
to four different atoms or groups, for it is united to 
(1) H, (2) (Cl),,(3) CHj, and (4) CO.O. This com¬ 
pound is known in two optically active forms, which 
show the same kind of relation to each other which 
has already been observed in the case of tartaric 
acid. 

Tartaric acid itself contains two atoms of carbon 
in the same kind of condition, each united with 
(1) H, (2) OH, (3) CHj, and (4) CO.O. To explain 
the effect of this upon the optical properties of the 
compound, a further hypothftsis is required. In all 
the early speculations regarding the nature of atoms, 
it seems to have been assumed, as it was by Dalton 
and Wollaston, that the “virtual extent” of each 
atom is spherical. Since that day several other 
hypotheses have been suggested concerning the 
nature of the atom, of which one of the most im¬ 
portant was Lord Kelvin’s notion of vortices; and it 
will be obvious to every one who considers the sub¬ 
ject, that our views of the process of chemical 
combination must be seriously affected by the idea 
in the mind of the form and nature of the atoms 
supposed to be in the act of union. 
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The idea which has proved most fertile is ♦one 
which appeared for the first time in a paper T)y 
Kekule in 1867.* At that time ho wiis still engaged 
in the elaboration of the great doctrine of the link¬ 
ing of atoms, of which, as already shown (Chap. V), 
wo owe the chief development to hi.s insight. And the 
use of models, as well as of “ gr.iiihic ” formulic, was 
beginning to be freely pracli.sed by tho more ad¬ 
vanced chemists. At tho end of a paper on the con¬ 
stitution of mesitylcne, in a kind of snpplonicntary 
note, Keknle pointed out that the iniHlels then most 
in favour, consisting of spherical halls joinoil together 
by rods, wore no hotter than diagrams, since it was 
impossible to display combination between two atoms 
by more than one unit of valency; and, moreover, 
everything w.as represented as lying in tho .same 
piano. But by using a sphere to rojnesent tho atom 
<d' carbon, and four rods to represent its lour aflinitios, 
placed ill the dircctione of four herlirdrid oxen eudiiu/ 
in the faces of a tetrahedron, these difficulties could 
be got over, and two such models jjlaccd together 
could be used to rcpre.scnt union by one, two, or 
three units. Van’t Hoff adopted and has piirmod 
with most brilliant success the consequences of this 
remarkable idea.* 

* Zeitichrift/. Ckcm. (1867), N.K. iii. 217. 

• For details conccToiDg the verification of the theory, and the 
removal of difficulties in its way, arising chiefly out of erroneous 
obeervatioQS, see Van't Hoff's Dix Annittri^ntl’huUnred ufu Thiorit, 
of which an English o<lition has been jjreparetl )>y Mr. J. K. Marsh, 
Clarendon Press. 
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Ab atom of carbon, then, is generally believed to be 
capable of combining with four other atoms and no 
more, and is therefore said to be tetrad or quadri¬ 
valent. The carbon atom is supposed by this 
hypothesis to bo accessible only in four different 
directions, which are representable by the four 
straight linos which may be drawn from the centre 
of a regular tetrahedron to its solid angle.s. The 
centre of mass of the carlion atom is siippo.sed to bo 
situated at tho intersection of these lines, or at the 
Centro of tho fig\iro. A model to represent such an 
arrangement could be easily made by means of a 
ball of wood and four wires of equal length. If two 
such models bo constructed, and the wires marked 
by tipping them with beads of diUcrenl colours, or 
in some other way, it can easily be shown that two 
distinct arrangements become po.saible. In the fol¬ 
lowing figures tho letters u, h, c, d represent the 
atoms, all different, which wo may imagine to bo 
united, as in chloro-succinic acid, to the same atom 
of carbon: 

a h r a c h 

\1/ M/ 

i ' 

<t , 1 . 

A consideration of these figures will show that the 
one is not superposable upon the other so that the 
same letters come together. Any change in the 



TO] VALENCIES OP CARBON ATOMS 246 

plane;of polarisation produced^ by one of these struc¬ 
tures would bo also produced, but in the inverse 
sense, by the other structure. The exact mechanism 
of this process cannot at present be described, be¬ 
cause wo have no more positive knowledge as to the 
internal constitution of a molecido than wo have of 
the atoms composing it. Pasteur, as already stated, 
frequently used the analogy of a spiral with a twist 
to the right or to the loft, according as the mole¬ 
cule posses.scd doxtro- or bevo-rotatory powers. 

The use of models assists materially in the con- 
.sideration of the problems arising out of this hypo¬ 
thesis. One of the first ijiiestioiis which arise relates 
to the direction in which the several valencies of an 
atom of carbon may bo suppu.sod to bo exerted. If 
the direction of these bo suppo.se<l to bo absolutely 
fixed, then it can bo shown that (1) two carbon 
atoms cannot unite by two bonds, nor by three, 
because that would involve the distortion of the 
atom ; and (2) three or more carbon atoms cannot 
unite to form a ring, for the same reason. 

Hence it seems that if the direction of the attrac¬ 
tions of carbon for other atoms can be determined 
at all, the line of attraction must be rather easily 
displaceable from the normal, or it operates some¬ 
what like the pole of a magnet, that is, there is a 
certain iiM. The analogy between the attractions 
of two atoms for each other, and the attraction 
exercised between the opposite poles of two magnets, 
or between a magnet and a piece of iron, may in 
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fact' bo considered os Vxtending even further.. For 
just as the presence of a mass of iron in the neigh¬ 
bourhood of a magnetic polo seems to absorb the 
lines of magnetic induction and so reduce the action 
of the magnet upon other bodies placed near, so 
the addition of one element to another in chemical 
union diminishes the tendency of cither to combine 
with a third eloinont, but does not, in the majority 
of ca.sos, absolutely extinguish this tendency. Hence 
wo have what has been called “residual valency,” 
which, whatever may bo the fate of the various 
hypotheses conoorning it, gives rise to very well 
marked phenomena of cond>ination. ft i.s, however, 
usually believed that two carbon atoms may actu¬ 
ally bo united by t wo or more units of valency, but 
that in all such cases the combination is not only 
not more secure, but is decidedly more easily broken 
up than whore one bond only of each is employed. 
To account for this difference, so contrary to what 
might bo at first sight expected, two chief hypotheses 
have been proposed. The first, which originated 
with Von Baeyor,* is based upon the same hypo¬ 
thesis with regard to the carbon atom as that of 
Le Bel and Van’t Hoff. If the valencies of the 
carbon atom act along the lines drawn from the 
centre to the solid angles of the regular tetrahedron, 
these lines form with each other angles of 109° 28'. 
If two carbon atoms are so situated towards each 
other that two valencies of each are united to- 
‘ Her., 18, 2277. 
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gethei; so that the directiofts of the two >are 
parallel to each other, each is turned out of fts 
normal position by an angle of 54° 44'; and if two 
carbon atoms are similarly joined by three units of 
valency, each of these must deviate 70° 32' from its 
normal position. It is known that combination by 
double or triple bonds is easily converted into union 
by single bonds in all cases of this kind. Such 
substances as acetylene and ethylene are saturated 
with great readiness, not only by bromine, but by 
hydraeids, and even by iodine, and the tension is 
thus relieved. 

OH,, OII.H (31,Ur 

II I I 

OH, OH,Hr (H,Ur 

Ethylene. Ethyl hrotnido. Ethylone hromido, Ac. 


V. Baeyer also pointed out that in the I'nmiation 
of rings of carbon atoms the distortion of the atoms 
diminishes as the nnmher of carbon atoms increases 
up to five. In a ring of six carbon atoms united by 
single bonds the di.stortion is a little greater. The 
following angles represent the extent to which the 
direction of each valency is disturbed: 


OH, CH.,—OH, 



CH, CH, CHr-CH, 


cu, 

OH, 

/\ 

/ v 

iCHjiCH, 

|CH,,CH, 

1 1 

1 1 

|cH,iCH, 


X 

0*44' 

+ 5M6' 


24’44' 


»"34' 
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The Other hypoth»sis, proposed by Wunderlich,' 
is* based upon the idea that the relative force of 
attraction between the two units of valency depends 
upon the relative distances through which they 
have to act, Urietly, the hypothesis is .somewhat 
as follows. The carbon atom is a sphere from which 
four equal .symmetrically placed segments have been 
removed, and the circular faces thus formed are 
situated in the planes of the four faces of a regular 
tetrahedron. When combination takes place between 
two carbon atoms the most intimate union is that 
in which two of these faces are placed parallel to, 
and probably very near, each other (see Fig. a). A 
less intimate union occurs when the centres of gravity 
of two faces of one atom attracts two faces of 
another (see Fig. h). The two tetrahedra have then 
a common edge, the two pairs of faces forming equal 
angles with each other. And, lastly, three faces ef 
one may attract equally three faces of tho other, and 
so cause the two tetrahedra to bo applied to each 
other by one of their solid angles (see Fig. c). These 
throe positions correspond to combination by single, 
double, and triple bonds. 


i 



' 0(it\fignrati<m OfyanwcAer MoleMt, WOrtlburg, 1886. Ab«toct 
in Btr., xix. 592o. 
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According to this assumption it is only possiWe 
for the atoms to touch each other when united by 
the single bond, as shown at a. 

When two asymmetric carbon atoms are united 
together the number of possible isomeric Ibrms is 
greater. Tartaric acid is a case of this kind. Four 
isomeric acids of the .same comjiosition are known, 
namely: dexlro-tartaric acid, kcvo-lartaric, meso- 
tartaric, and racemic acids. Itacemie acid is known 
by the researches of Pasteur, made forty years ago, 
to consi.st of a mixture or molecular compound of 
dextro- and hcvo-lartaric acids. These two latter 
are sup|)osed to be related to each other in the 
manner indicated in the following formiihe: 


U 

HO I CO.OH 


HO 


\ 


CO.OH 



which may be more briefly written: 

T I 

I and I 


where the letters r and I represent an arrangement 
which results in right- or left-handed rotation of the 
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)j(}lariaod ray. Meso*-tartaric acid, which, as already 
explained, is optically inactive, though containing 
two asymmetric carbons, is by an extension of the 
same hypothesis represented as 

H 

HO CO.OH 

\ 1 / 


.OH 
OH 

Van’t Hofl’ long ago indicated that when two 
carbon atoms are united together by a single bond 
they may bo supposed to bo free to rotate about an 
axis which is in the line representing the direction 
of tho uniting valencies, and that if two carbons are 
joined by two or more bonds rotation becomes im¬ 
possible. This hypothesis was first made use of by 
Wislicenus in 1886, and has been the subject of a 
good deal of discussion since. 

It may be assumed that the radicles united to 
two adjacent atoms of carbon will be likely to 
influence each other,* and, according as they attract 
or repel each other, rotation may or may not occur. 
Thus it may^ be supposed that in Dutch liquid the 
chlorine and hydrogen atoms probably attract each 

' The relfttire muses (etomio weights) of the atoms or atomic 
gcoepB may have something to do with this. 
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Other. JHence there can be only one stable form 
this compound, viz.; 



other arrangements passing .spontaneoii.sly by rota¬ 
tion into this.* Succinic acid also is known in only 
one form, which probably has the following struc¬ 
ture: 



If this be so, it seems to follow that rotation must 

> That atoms which are not directlj anited do iofloeDce each other 
is certain from soob cases as the 0 of the oarboxjl groop—<;O.OH, 
which increases the activity of the H in the adjacent hydroxyl; the 
acid characters of bromnitroetbane; the loss of basic power in 
the obloranilinee resalting from the introduction of the negative 
oblorioe, &c. 
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occur when water is' lost and the anhydride i^ formed 
under the influence of heat: 


H 



From otiior similar cases it appears probable that 
the formation of rings, in which four carbon atoms, 
or lour carbon atoms and one oxygen atom are 
concerned, probably occurs in one plane. And Von 
liaeyer has pointed out that the interior angles of a 
regular pentagon arc very nearly equal to the angle 
which the valencies of carbon in their normal po.sition 
form with one another (see diagrams, pp. 244, 247). 
This appear-s to explain such facts as the ready produc¬ 
tion of anhydrides from dibasic acids, such as succinic 
acid, already referred to, and phthalic acid, &c.; also 
the formation of lactones by loss of the elements of 
water by the y hydroxy-acids of the fatty series, 
such as oxybutyric acid. It is certainly interesting 
to compare the action of heat upon a ^ acid with 
that of a y acid of the same series; for example: 




CH,OH 

OH:, 

dlH} yields 

1 

II 

CH 

1 

CO.OH 

CO.OH 

Hjdniorylic tcid. 

Acijlle kcid. 
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y ' 


CHjOH 

CH, 

1 

1 \ 

CH, 

CH* ^ 

1 

yields 1 

OH, 

CH., 

1 ■ 

1 

OO.OH 

CO 

Oxyhiilyru-nrl. 

1. IliilxriilnrtoiK', 


One or two other questions rel.itinjj to the orison 
or constitution of optically iictive bodies have hceii 
the subject of discussion and much experiment. As 
they are still unsettled, they may Im dismissed 
briefly. Attempts have been made to trace a re¬ 
lation between the degree or ainimiii of rotation 
produced by a compound and the vuim'x of tho 
radicles which enter into its composition in union 
with tho asymmetric carbon atom it contains. It 
ha.s been found in .some cases which have been 
e.\aminod that two of tho four groups may have 
the same weight, and yot the («)mi«)uud is still 
active. Giiyo therefore supposed* that not merely 
tho masses of the atomic groups but their relative 
distances from the carbon to which they are attached 
may influence the rotatory power. .Some regula¬ 
rities which seem to support these views have 
actually been ohserved by Guye; but on tho other 
hand there are many cases which are incompatible 
with them. 

There appears to be .some reason for thinking 
that it may bo possible to trace the effect of each 
■ Confl. Btnd., 116,1461 (1893), 
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canstituent of an ‘optically active body npon its 
Rotatory power, but at prasent no determinations 
have been placed on record which are suflScient to 
set the question at rest* It would appear probable 
that this problem will assume and retain for a long 
time the position and aspect presented by the some¬ 
what similar questions which arise in connection 
with many of the physical characters of chemical 
compounds. The specific or molecular volumes of 
liquids and solids, their magnetic rotation, their re¬ 
fractive power, and oven their boiling points, may 
each bo represented by numerical values which 
are respectively the sum of terms which are nearly 
but not absolutely constant, and which may bo 
attributed to the several constituents of the com¬ 
pound. But just as it is impossible even now to 
assign an invariable value to the specific volume, 
for example, of an elementary atom, so it is not 
very likely that the .specific rotation produced by 
a particular asymmetric group of atoms will be 
found constant; and in both cases for the same 
reason, namely, that notwithstanding the accepted 
doctrine of atom-linking, based on the idea of 
valency, there can be no doubt that in a molecule 
every atom exerts an influence, greater or less, on 
every other atom. 

Closely connected with the inquiry as to the effect 
upon the, plane of polarisation of the constituent 
radicles in a compound is another which has arisen 
■ S«e J. W. Walker, Jmm. Cim. Sx. (1895), 67, 914. 
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out of the researches of Wfclden. Compounds 
which contain asymmetric carbon, and hence aA 
capable of existing in two stereo-isomeric forms, 
when produced from inactive materials by ordi¬ 
nary laboratory processes, invariably appear in the 
racemic condition; that is, an equal quantity of 
each oppositely active variety is produced. It now 
appears, however, that starting from one and the 
same active compound, a given derivative formed 
from it may exhibit a rotatory power tho same or 
the reverse of that of the parent substance. From 
bcw-malic acid is produced, by tho action of penUi- 
chloride of phosphorus, a chloro-succinic acid which 
is (fea:<TO-rotatory.‘ Replacing tho chlorine in this 
compound by hydro.vyl, a malic acid is rojmHluccd, 
which is also rfatro-rotatory. This malic acid, 
treated with phosphorus pontachloridc, gives laivo- 
chloro-succinic acid, from whiiih hi'ro-malic acid 
identical with the original sidistoncc may bo re¬ 
generated. Phosphoric chloride appears therefore 
to have a peculiar power in such cases of causing 
optical inversion, a properly which, in certain cases, 
is shared by other reagents such as tho alkalis. 
Natural teno-a-sparagine and the aspartic acid formed 
from it yield, by the action of nitrosyl chloride, 
tevo-chloro-succinio aciil ;^ while, as stated above, 
the malic acid derived from tho same substances 
yields, by the action of phosphoric chloride, a chloro- 

' Wald(in,»T.,29,13,1 (1S96). 

* Tildei) and H&rshAll, Journ. Chem. Soc., 67, 494 (1895). 
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succinic acid of opposite sign. Walden’s production 
<ff optical antipodes may be represented by the fol¬ 
lowing diagram: 

I. Malic+ PCI 5 . 


C'hlor-sticc. 


d. Malic I PCI,, 

During recent years the problems presented by 
this interesting discovery have been attacked by 
many invastigators, and there has been much specu¬ 
lation as to the mechanism of the changes of con¬ 
figuration attending what is now familiar as the 
"Walden Inversion.” Among these one of tho most 
important is tho hypothesis of Professor Emil Fischer,* 
which assumes tho formation of an intermediate 
conjunction of tho molecule of the carbon compound 
with that of tho agent which is employed. An 
internal rearrangement is then supposed to occur, 
whereby a new compound is formed in which the 
substituent enters either in tho same position as 
that of the element or group removed, or in another 
position which brings about tho change of sign in 
the optical activity of the product. 

Tho hypotheses of which an outline has been 
< Annaim. 381,123 (1911), and 394. 362 (1912). 
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given relate to the atom of the tlemont carbon; hut 
considerations of this kind, if valid in the case Jf 
one element, must bo applicable to others. Accord¬ 
ingly, many attempts have been made to i.solato 
o])tically active isomcridcs from inactive compounds 
of which the chemical eoni|)osilion indicates asyin- 
nielry. The first success was ai ldcvisl in the case 
of nitrogen. fjC Hcl .showed, so long ago as 1891, 
that when niethylolhylproiiylisobutyl ammonium 
chloride is acted on by moulds, a Icvo-rotatory form 
of the salt can ho isolated,' A few years later I’opo 
and I’caclicy-demoiislrated the possibility (jf obtidn- 
ing compounds in wbii’b the nitrogen alotii aasoci- 
ateil with one atom of hydrogeti appears to bo 
capable of formitig a itticletts for tctrabcdnil asytn- 
mctric cnmpipttnils resembling those of carbon. By 
the fratttioind crystalli.sation of a salt, of <i bcnzyl- 
phcnylallyltncthvl atnmonitttn 

.All 

(Nil)" 

Pli^ Mu 

with a strong dextro-rotatory acid, a separation was 
effected into optically tictivc doxtro and Itevo i.so^ 
merides. 

This result was .soon followed by the ro.solution of 
an asymmetric sulphur compound" into two active 
components. 

■ Omft. Rfni., tl2, 72t, 

> /(mni. ('Afro, Soe.. 7.5, 1127 (1899). ' thid.. 77. 1072 (1900). 

R 
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.In this case the •compound operated on was the 
fhothylethylthetino in the form of a camphor sul- 
phonato. 

^CHjCOjH 

S 

C,„H„O.So/ '^OH, 

About the same time S. Smiles succeeded in 
resolving mothylethylphenacyl sulphine in the form 
of a bromo-camphor siilphonatc.* 

,CH3.C0.C„H-, 

S 

C,„Il„BrO.SO,,-' 

Pope and Peachey* have also shown that by tho 
application of the same methods optically active tin 
compounds can bo isolated. By converting methyl- 
othyl n propyl tin iodide into dextro-camphor sul- 
phonate and fractional crystallisation of tho latter 
•salt a dextro-rotatory tin base was isolated. The 
corresponding bevo compound could not bo obtained 
owing to tho tendency to raccmisation, that is, the 
production of an optically inactive mixture of the 
doxtro and la;vo compounds owing to internal re- 
■'arrangemcnt in one half of the material. Since that 
time optical activity has been shown to exist in 
isomeric compounds of silicon and of phosphorus. 
These are acids, and the separation of the optical 
isomerides is effected by combining them with 

' Joitm. Chem. Soc.. 77,1174 (1900). 

• Proc. Clun. I6tb Feb. 1900. 
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opticajly active bases and feking advantage* of 
differences of solubility exhibited by the resulting 
salts. Active compounds containing silicon have 
been obtained by Kipping,' but the difficulties ari.sing 
from racomisation and other causes arc very con¬ 
siderable. Phosphorus has also been shown to ho 
capable of giving rise to opiicalls active comjmunds* 
ofthetypo POR'K'IP. 

Further, it appears to be now definitely esfjiblishcd 
that certain of the metals, notid)ly coWt and 
ohrominin,^ may form the nucleus for a tetrahedral 
asymmetry, .so as to give risi: to cornpoumis which 
arc capable of rotating the plane of polari.sjition. 

It may fairly be expected that, in time all the 
elements in groups IV., V., an<l VI. of the periodic 
scheme will be shown to exhibit .similar phenomena. 
Much di.senssion has arisen during the last few years 
as to the configuration of nitrogen compounds, and 
chemists are as yet not agreed on this part of the 
subject. There is, of course, room for oven more 
speculation in this field of hypothesis than in the 
corrosixrnding (picstion relating to carbon compounds. 
It seems probabh', however, that since nitrogen is 
undoubtedly (piinquevalent, the fourth and fif£fr~ 
valencies of the nitrogen atom cannot lie in the 
same plane as the other three, 

* Journ. t’A-m. Soe.. 93, 4«S (1908), and 97, 765 (19t0). 

* Btr.. 44, .3,6« (1911), amt Journ. Chem. Soc., 99. «2« (1911). 

* See Sew Idem on Inoryanie Compawtdi. by A. Wemer. (Long* 

mans, Scr.. U, pp. 1K87, 2444, 3132 (19U ). 
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Assistant Professor in University College, London. 

Pai l Waldk.s, Momlwr of the Imjwrial Academy of Sciences, 
St. Petersburg. Professor of Chemistry in the Polytechnic 
Institute, Riga, Russia. 

Jami-:k Wali.ack Walker, Professor of Chemistry in the 
McGill College, University of Montreal, ('aimda. 


Alfred Werner, Professor of Chemistry in the University 
of Zurich. 


Johannes Wislicbnus was bum at Klein-Eichstadi, 24th 
June 1835. At the ago of eighteen he became assistant to 
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Prd^ossor Hointz at Halle, and thenceforth devoted hiipself to 
chimistry. Owing to lua father’s unorthodox religioua opinions 
the family had to loavo Oermany, and for some time lived in 
America. Huturning to Europe the family settled at Zurich, 
and in 1S(>1 Johannes was appointed Professor in the School 
of Industries, iuid three years later in the University. In 
1H70 ho was selected for the Chair of Chemistry in the Poly¬ 
technic. In 187:^ he was invited to succeed Strecker in the 
University of Wurzburg. Finally, on the death of Kolbe, 
he was transferred to the chair at Lei[i/.ig, where lie remained 
till his death on hth Dec. 1902. 

[Wislieenus Memorial Lecture. W. 11. Perkin, jun. Journ. 
CVtfwi. Soc.f H7, bOl (190r)).] 

il'jMiLH'H Wi NOKUMCH, Ph.D. Wui zluirg, Industrial Chemist. 
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CHAPTCR VIII 

KLECTKICITV AND CIlEMICAr, AFFINITY 

In the Philosophieal TnmuKdiiins for 1784 will ho 
found a iia|)ev hy the Hon. Henry Cavendish, which 
emhotlie.s those rc.snlts of hi.s “ Kx|)criments on Air ” 
which led to the fainou.s di.scovery of the eoni[)osi- 
tion of water. The proposition that water consists 
or is composed of two elementary j/a-scs is, however, 
all the more firndy cstahlished when, to the state¬ 
ment of (.’avendish that from two meiusiircs of 
“inflammahle air ’ (hydrofson) c.xplodcd with one 
measure of "dephlogi.stieated air" (oxygen) water 
is produced, we are in a prjsition to aild that from 
the decomposition of water these two gases, and 
nothing else, can be reproduced. This latter result 
was obsened for the first time hy Nicholson and 
Carlisle in 1800, only sixteen years later than the 
announcement of Cavendish’s discovery. 

In the meantime a new philosojrhical instrument 
and a new Held of research had Iwcn brought within 
the reach of chemists and physicists hy the dis¬ 
coveries of Galvani and Volta, which culminated in 
the invention of the Voltaic Pile and the Voltaic 
Battery shortly before this time. Electric currents 
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coyld thus be procured at will, and the voltaic 
dscomposition of acidified water was followed by a 
host of observations of a similar kind. Solutions of 
various salts submitted to the action of the current 
yielded in .some cases acids and alkalis, in others 
acid and oxygen at one polo, while metal and 
hydrogen appeared at the opposite pole. By this 
same agency Davy, in 1807, succeeded in proving 
that potiush and soda are oxides containing a pair of 
very remarkable metals. 

The attention of chemists in this way became 
attracted to the fascinating phenomena of electro¬ 
lytic or olcctro-chcmieal decompositions, and not 
only wore many facts di.scovereil of greater or less 
practical utility, but hypotheses were necessarily 
framed to account for the facta, Davy himself, 
after some years occupied more or loss with the 
study of the galvanic phenomena, seems to have 
arrived at the conclusion that ohomical combination 
is produced by tho union of atoms charged with 
opposite kinds of electricity; and, in fact, to have 
identified chenucal “affinity” with electrical attrac¬ 
tion between particlo.s, or, at any rate, to have 
r-regarded chemical affinity and electrical attraction 
as dependent upon the same cause. A similar 
theory was formulated by Berzelius about 1818, 
but tho Swedish chemist considered it probable that 
" simple and compound atoms are electro-polar; in 
tho majority of them one of the polos is endowed 
with a preponderant force, the intensity of which 
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varies according to the nature Of the body. Those in 
which tlie + pole is preponderant are called clei'tfo- 
positivc, those in which the — polo predominates are 
electro-negative.’’ ‘ Hence, according to liorzelius, 
each atom contains both positive and negative elec¬ 
tricity ; but the atom of oxygon, for example, has a 
large amount of negative eleci ricity accumulated 
upon one pole, with a relatively small amount of 
positive electricity at the other, while the atom of 
such an element as ])otassinm (Kissesses a strong 
charge of positive with a small charge of negative 
electricitv. 1 hiring the act of combination the 
positive pole of one atom is turned toward the 
negative pole of the atom with which it is about to 
unite, and the op[)osito electricities neutralise each 
other with [iroduction of the jihcuoinena of heat 
and light, as in the production of sparks between 
oppositely charged ma-ssos. 

From this time forward little furl her progress 
was made, so far as eicctro-cliemical phenomena 
were concerned, till the subject was taken uj) by 
Faraday about l.s;t2; and as the result of his 
researches the two important ipianlitative state¬ 
ments which are usually known as Faraday’s La^.j 
of Electrolysi.s, together with a vast body of other 
important observations, were estiddished. The state¬ 
ments referred to may, for the sake of completeness, 
be recalled to the recollection of the reader. Tlie 
first of these may be given in the original words of 
I Ik'rzL-Iius. TntiU d< Chinu, vol. i. (1842). 
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thft discoverer: “ Thd chemical power of a current 
of*electricily is in direct proportion to the absolute 
quantity of electricity which passes.”* Faraday’s 
own language may also be used to lead up to and 
express the second law. “ Compound bodies,” he 
says,* “may be separated into two groat classes, 
namely, those which are decomposiblo by the 
electric current and those which are not. Of the 
latter some are conductors, others non-conductors, 
of voltaic electricity. ... I propose to call bodies of 
the decomposiblo class electrolytes. Then, again, the 
substances into which these divide, under the in¬ 
fluence of the electric current, form an exceedingly 
important general class. They are combining boilies, 
are directly associated with the fundamental parts of 
the doctrine of chemical affinity, and have each a 
definite proportion in which they arc always evolved 
during electrolytic action. I have proposed to call 
these bodies generally ions, or particularly anions 
and cations, according as they appear at the anode 
or cathode, and the numbers representing the pro¬ 
portions in which they arc evolved electro-chemical 
equivalents. Thus oxygen, chlorine, iodine, hydro- 
-g6h, lead, tin, are ions; the three former are anions, 
hydrogen and the two metals are cations, and 8, 36, 
126, 1, 104, 58, are their electro-chemical equiva¬ 
lents nearly.”* We learn from this, and from other 

' Hxperimental Regfarrhes m Sltctrieitf, vol. i. p. 241. 

* Loc. «»(., pp. 242, 243. 

* Id this passage there is in the original a slight verbal slip, which 
is corrected above. 
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experiments described in the •course of those re¬ 
searches, that the clcctro-ehcmicid equivalents 
ions are the same as their ordinary chemical equi¬ 
valents or combining projwrtions. 

Faraday’s view as to the cause of electrolytic 
phenomena led him to rojed the notion enter¬ 
tained by some of his jiredccc^sors that electro¬ 
chemical deconijiosilion was iho resiill, of the 
electrical attraction or repulsion of the poles acting 
upon the constituents of the electrolyte. He states 
expressly that he holieved that the effect is duo to 
a force acting internally upon the ions, and “ either 
superadded to or giving direction to the ordinary 
chemical aflinity of the bodies present.” 

Nevorthele.sa, while correcting some of the experi¬ 
mental errors in Davy's work. Faraday seems to 
have entertained nearly the .sjune idea with regard 
to the nature of the phenomena of chemical com- 
hination and electro-tdiemical ilecomposition, for 
(ioe. cit., p. 24S) he refers, with evident sympathy, 
to “ the heaiitiful idea that ordinary chemical 
affinity is a more con.scquencc id’ the electrical 
attractions of the jiarticles of different kinds of 
matter”; and a little further on he slates Iris 
" conviction that the power which governs electro¬ 
chemical decomposition and ordinary chemical at¬ 
traction is the same.” This idea eviilently hecamc 
established in the mind of Fanulay, fur in a later 
paper ‘ the following pass^e occurs: " All the 

* Erperimtntal RtseareJus tn Eltctridty, toJ. i. p. 272. 
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facts show US that ■ that power commonly called 
chemical affinity can be communicated to a distance 
through the metals and certain forms of carbon; 
that the electric current is only another form of 
tho forces of chemical affinity; that its power is in 
proportion to tho chemical affinities producing it; 
that when it is deficient in force it may be helped 
by calling in chemical aid, tho want in the former 
being made up by an equivalent of tho latter; that 
in other words the forces termed chemical afinity 
and electricity are one and the same." This view 
was adopted by other writers. Daniell, for example, 
tho inventor of tho constant cell, in his Chemical 
Philosophy, heads tho paragraphs relating to tho 
battery by the title, “Circulating Affinity or Elec¬ 
tricity." 

Tho phenomena of electro-chemical decomposition 
present a groat many questions of difficulty, the 
interpretation of which have led in the past and 
are likely still to load to much difference of opinion 
and controversy. When, for example, an electric 
current is sent through a solution of copper sul¬ 
phate, the ordinary visible products which accumu- 
latj at tho poles are metallic copper at tho cathode, 
and oxygon gas at tho anode. If the current is 
strong, hydrogen is also given off with the copper. 
AVhon sodium sulphate is used instead of copper 
sulphate, the products are gaseous hydrogen and 
oxygen; while the solution, originally neutral, be¬ 
comes alkaline from the production of soda round 
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tho cathode, and acid from the ivccumulation'of 
sulphuric acid round tho anodo. Tho difforonco 
botwoon these two rasults hits boon explained in 
the terms of two distinct hypotheses, tho earlier of 
which was based on the dnalistio Iheory of salts. In 
the system inaiioiiraled by Lavoisier, and approved 
by Berzelius, every salt was made np of two oxiikts— 
tho one of a metal, the other of a non-metal; thus 
cupric sulphate was snp|)osod to consist of copper 
oxide united to .sulphur trioxido or sulphuric acid, 
while sodium sulphate was <;om|«)sed of soda or 
oxide of sodium united to the same .sulphuric acid. 
Expre.s.sed in symbols, they stood thus: 

Oupric sulplmtH . (/’ 11 O.SO 3 

Stuhuin siilphrtto . NuO.SO., 

Berzelius and his .school supposed that when these 
comjKiunds are decomitosed by the electric current 
tho ions are (luO and SO 3 in one case, and NaO 
and SO., in the other; but that in tho ease of the 
copper .sidt tho metal .se|)arates in consetpience of tho 
simultaneous decomposition of water, the hydrogen 
of which reduces the metallic oxide, uniting with 
the o.\ygen and .setting the metal free. 

Tho other hypthesis was based on the unitary 
system, of which the germ perhaps may lie found 
in the writings of Davy, but which was formally 
introduced by Danioll about 1842,' and afterwards 
adopted by Gcrhardt upn evidence of a different 
* Daniell’s Ckemical Fh\lo$ophy, 2Dd edit. pp. 432-440. 
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kind. According td this view the two sajts are 
resolved on electrolysis into the ions Cu and SO,, 
Na and SO, rospectivcly. Tho decomposition of 
tho copper compound therefore gives metal as 
the primary cation, while at the anode the radicle 
SO, is resolved into 0, which escapes, and SO,, 
which forms sulphuric acid with tho water. In the 
case of tho .sodium salt, tho alkali and the acid 
observed are alike second<mj products; the former 
resulting from tho action of the liberated sodium 
upon tho water with simultaneous escape of hydro- 
gen gas. 

Another (piestion which required investigation 
relates to tho eonr.se of tho current through tho 
solution. It is a remarkable fact that w.atcr alone 
appears to bo almost destitute of conducting power, 
its resistance increasing in proportion as it is more 
free from dis.solved salts or gases. But the addition 
of a very small ipiantity of sulphuric acid seems to 
make it not oidy conduct freely, hut undergo electro¬ 
chemical decomiiosilion into its constituents oxygen 
and hydrogen. When the current pasae.s, is it really 
conveyed by the water, by the acid, or by some 
compound of the two? That is a very important 
question; but in order to supply the answer to it, 
which is provided by commonly received theories of 
the present day, it is necessary to know something 
of tho course of observation and experiment which 
has led within the last few years to tho adoption of 
rather remarkable views concerning the state of 
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dissolved electrolytes, and the* nature of solutions 
generally. * 

So long ago as 1788 Sir Charles Blagdeii pub¬ 
lished in the PIdlosojthiail Ttunsactwm a paper 
dealing with the familiar firnl that salt water does 
not freeze so eu.sily a.s fresh water. In that paper 
he showed that various salts addeil to water cause 
a depres-sion of the freezing point, and that tho 
depression is in each ouso practically proiH)rtional to 
tho amount of the .salt pre.scnt. There the ques¬ 
tion remained for nearly a eentiiry. The next sU^ps 
in .ailvanee rsadd nidy ho taken when Hlagden’s 
eonelnaions had heen estahli.shed upon a much 
liriner basis of exact, experiment than he had licen 
able to supply, and. as iti so many other eases, it 
recpiired tho successive efforts of many ex|)erimcnU)rs 
to provide material iiiion which to build .a theory 
with any pros|)e(i of sius^css. Among the workers 
who took up tho (picstion must be mentioned 
Rudorlf,' l)c t’oppet,^ ami (fulhrie.^ Do Coppet 
got so far as to show that the "co-efrici(.‘nt of do- 
pression " id' the freezing point is constant for the 
same snbslamte, and that it is equal for similar 
substances when added to the same quantity%f 
water in amounts proportional to their molecular 
weights. It is, however, to the im|)ortant researches 
of Profe.s.sor F. M. Raoult* of (Irenohlc that tho 

» Pv ^ y .. cxIt. 63 (1H61), cx»i. 55 (1862), Ac. 

* Ann. 6'Ajw., xxiii. 366 (1871), xxv. 602 (1872), xxvi. 98 (1872). 

» Pka. May., 1875,1876, 1878. 

* Ann, Chim,. xxviit. 138 (1883). Ac, 
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establishment of this generalisation is due, and as a 
rdhult a now method has been provided for the 
determination of the molecular weights of those 
substances to which tho vapour-density method is 
not applicable. Ibioult’s law may bo stated as fol¬ 
lows; tho depression of the freezing point of a 
liquid, caused by tho solution in it of a liquid or 
solid, is proportional to tho absolute amount of dis¬ 
solved substanco, and is inversely proportional to its 
molecular weight. Consequently, if a number of 
different substances bo taken in tho proportions of 
their molecular weights, and dissolved in a liquid 
which is capable of solidifying at a determinable 
temperature, the resulting dopression of the freezing 
point will bo the same in each case. This molecular 
depression is then a constant for any given liquid, 
though of course it differs in different liquids. Tho 
solvents recommended by Kaoult aro water, acetic 
acid, and benzene. If we take A as tho reduction 
of freezing point caused by tho solution of 1 gram 
of substance in 100 grams of water for example, M 
the molecular weight of the stdistanco, and T tho 
lowering of the freezing point caused by tho .solution 
off a molecular proportion of tho substance in 100 
parts of liquid, then, if the solution is dilute, 

MA-T. 

The value of T for water has been found to be 19 
in reference to a great variety of neutral carbon 
compounds, but it rises to about 37, or double the 
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value, when inorganic salts are employed. By 18(^8 
the method of estimating the molecular wcighu 
based upon these observations was gonorally lulopted, 
and consequently it was rccogni.seil, not only that 
the freezing point of a solution is related to the 
molecular weight of the di.s,solvod substance, but 
that metallic sidts produce an i ll'is-t per molecule 
about twice as great a.s the (•irec:l. pnalucetl by 
neutral uirbon eompouuds .such as sugar. 

The prcseiieo of a substance dis.solved in a litpiid 
aficcls the other properties of the liquid, .sttch as 
its viscosity, or, if volatile, its hoiling |K)int and 
the pressttre of its vapotir. The roditclioii of vapotir 
pras.suro, and the rai.siug of the lioiliug points of a 
number of li(|uid.s have lieen suhjeets of repeated 
experiment during the last half-century; hut the 
connection hetween the luagtiilude of the effect 
proihtced and the molecular weight of the dissolved 
substance wa.s discovered .st) recently a.s IH87 by 
Raoillt, who.se work upon the frci.zing ]KiinLs of 
sohitions h.is bceti already referred to. The law 
relating to vais.ur iiressuro hius tin: .same form as 
that which applies to fren/.itig pi pints, that is, the 
effect prialticeil by molecular pnqtortion.s of all sttbv 
stances in the same liqitid is the .same provided 
the .solttlion is dihito. licnee the eqitalion already 
given for the freezing pint expresses the relation 
for the va|«)ur pressure equally well, if we let A 
stand for the lowering of pressure prodticcd by 
1 gram of substance in 100 grams of solvent, and T 

s 
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for the effect prodyced by a molecular proportion of 
4 he substance in the same quantity of solvent. 

The methods practically employed for estimating 
tho effect of dissolving a definite quantity of sub¬ 
stance in a volatile liquid, may he based upon the 
actual mea-suroraent of the pressure of the vapour 
of the solution when in a barometric vacuum, or 
upon tho loss of weight sustained by a given 
(luantity of tho solution, as compared with tho loss 
of weight of the same quantity of the pure solvent 
when a current of air is passed under the same 
conditions through both of them; or the method 
may be based upon observation of the boiling point 
at atmospheric pressure of the liquid before and 
after tho dissolution in it of definite quantities of 
substance. 

Again, if a solution of sugar or of a .salt is .separated 
from pure water by certain kinds of membrane, tho 
volumo of tho solution increases by the entranco of 
water through tho membrane, and a difference of 
pro-ssuro will bo immediately established on the two 
sides of tho mombranc, which will go on increasing 
u)) to a certain maximum for each kind of dissolved 
swbslauco. Tho pressure thus established is called 
the usnwtiv jmmimre of the dissolved substance. It 
appears to ari.so from the “ scini-perineable ” character 
of tho membrane, which allows water to pass in 
either direction, but not the solute; hence water 
pa.sses in tho direction of tho s<dution until the 
pressure it alone exerts j)or unit of surface is equal 
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on both sides the septum, whilcf on the side of the 
solution there is the additional pressure due to tMb 
solute. This can l)c measured and cxprc-s-seil in 
millimetres of mercury or otherwise. The cells of 
plant ti.ssues are semi-iiermeahle in this .sense, and 
membranes formed by the precijiitation of certain 
salts, especially cupric ferrocyanidc within the pores 
of unglazed earthenware, have been usisl for the 
purpose of experiments on osmotic pressure. The 
earliest and la,'st determinations of (jsmotic pre,ssure, 
for which .science is indchtcd to I’rofe.ssor \V. I’foffer 
the botanist,' have led to conclusions which .stand in 
evident relation to the facts which have alreiuly been 
stated concerning the inlliiencc of di.ssolved sub¬ 
stances on the ])i'o|)ertie.s of licpiids. and they may 
he expressed nearly in the same terms. Kor it is 
found that tlni effect is again pro]a>rtional to the 
strength of the solution, and when solutions of two 
distinct siitwlances arc compared, t.hcijsmotic pressure 
is found to 1 k! the same when ciudi contains for 100 
|)arts of the liquid imlrtidtir jmijx/rtioiin of the 
dissolved substance. 

By most of the older chcmicjd writers the view wras 
commonly entertained that the first act in the proc&s 
of dis.solution was the formation of a compound or 
mixture of comiKumds between the .solvent and the 
solute. When certain anhydrous .salts are placed in 

* “Osmotische Uotersachungen. Sludien xur Zellennieohanik ” 
(BeiblatUi’, it, 1878, 1H2-193). also Adie, Tram. Chan. Soc., 
1891,368. 
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water a chemical (tompound is formed, but ^hy the 
fesulting hydrate dissolves in the uncombined part 
of the water is another question. The article on 
“Chomical Affinity” in Watts’ Dictionary (1872) 
•seems to adopt this view, while at the same time 
pointing out that solutions differ from definite 
chemical compounds in not complying with the law 
of definite proportions. The subject, however, had 
been much neglected by chemists up to this time, 
occupied as they had boon with the development of 
now theories of constitution based on the recognition 
of tho valency of the elements. In 1878 the present 
writer put forward' a view, tho substance of which 
has been adopted by all those chemists who advocate 
tho so-called “hydrate theory” of solution. Tho 
following pas.sagos explain clearly tho hypothesis; 

“The natural inference from the facts known in 
connection with tho phenomena of solution is, that 
when a solid dissolves in a liquid it first enters into 
chemical combination with a portion of that liquid 
forming a chemical compound, the composition of 
which under fixed circumstances is perfectly definite. 
Briefly recapitulated the chief evidence in favour of 
^is assumption is (1) that when a solid comes into 
contact with a liquid capable of dissolving it, heat is 
evolved; (2) that changes of colour are often pro¬ 
duced ; and (3) that water or alcohol is retained by 
crystals only in definite molecular proportions. We 

' Leotara to tho Bristol Naturalists' Society, February 1878, Pro- 
oudingt <^f Society. 
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will now endeavour to picture llie state in which the 
suhslance subsists when solution is eonipletc. Much 
assistance will he ohtainod towards the investigation 
of the prohlein if we first hricHy review the facts 
which have been cstahlished in the analogous ease of 
certain va|K)Urs; take for example pentaeldoride of 
phosphorus. The vapour of this compound, a .s(did 
at ordinary temperatures, is not homogeneous, it 
consists of a mixture of three vapours, viz. penta- 
ehlorirle of phosphorns. I’t '1., trichloride of |)hosphoru.s, 
pel,, and chlorine, t'l... At low tem|)eraUires near to 
its condensing or rninefving point, a large! proportion 
of pentachloride is present. But if heated this 
compound hreaks up into the two .sim|der molccule.s, 
PtJl.,, and ('1,„ the dis.soeiation occurring progressively 
with the rise of teinperaturo until at or there¬ 
abouts, it is complete. At that lemiwratitre the 
vajK)ur consists of a mixture in equal volumes of 
chlorine and the phosphorus trichloride, lint it has 
been .shown, on the one hand, that if the liberated 
chlorine is gradually roinovc<l by diHiision, the 
progress of the dissociation is much more rapid and 
occurs at lower temperatures. Whilst on the other 
band the di.s.sociatiun is retarded or almost arresM 
by causing the vapour of the pentachloride to mix 
with a sufficient quantity of vaixmr either of tri¬ 
chloride of phosphorus or of chlorine. 

"Turning now again to solutions and, in order 
to avoid verbal repetition, confining oiu* remarks to 
solutions of salts in water, we find a state of things 
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o&strictly analogous" character though a degree more 
ctiinplcx. Suppose, for example, we dissolve some 
ordinary sodium sulphate in a considerable quantity 
of water. The salt first combines with water forming 
a hydrate, or rather, a aeries of hydrates which are all 
richer in water than the ordinary salt, containing ten 
molecules. The.se hydrates are liquid at ordinary 
temperatures, and mix by the usual process of liquid 
diffusion with the rest of the water. The chief of 
these hydrates I believe to be none other th.an the 
cryohydrate.' If the temperature of the liquid is 
above the melting point of the cryohydrate, this 
componnd tends to .split up into water and lower 
hydrate.s. But if the amount of water present is 
comparatively large, this tendency is counteracted, 
just i« the disposition of penbachloride of pho.sphorus 
to ,split into trichloride of phosphorus and chlorine 
is reduced by the presence of excess of one or other 
of tho.se substances. Imagine now the solution of 
sulphate of sodium heated, other conditions remaining 
unaltereil. The amount of original (cryo ?) hydrate 
diminishes as the temperature rises, whilst equivalent 
quantities of uncombined water and lower hydrates 
are pari jxusu liberated. 

“ This continues until a temperature is reached at 
which some of the anhydrous salt is formed. This 
compound, however, although it is much less soluble 
than the hydrated salt, does not at once make its 

^ Eutectic mixtures described under this name bj Guthrie 
{Joum. Ckm. Soc., 1376,1876,1877). 
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appearance in crystals, because the solution must tirat 
bo saturated with it. But no ,s<K)nor is a portion dl’ 
this salt ileposited, than a now .set of conditions is at 
once established, for tbo removal of the aidiydrou.s 
salt from the liquid is, of course, equivaliTit to tbo 
addition of water, and so time must elapse, or the 
temperature be raiseil still hielier, before any more 
of the anhydrous .salt can be thrown d(jwn. 

“One main laiint niwii which it a|)])cars to me to 
he dei;irable to insist is this, that a solution contains 
a 'mi.rtnrc nf xiirrul InjdritleH. t/ie of 

V’liirh lU'jwnih jhU'thj upon t/o- intiiin'iif}!rf of thfl 
liijnifl. inoi upon thr iirojutrfiou of u'uti>r 

Snell hypotlie.ses as tlio.se of bowel, for 
example, to the etfecl that at one teiiqieratnre the 
solution contains one hydrate alone, and at another 
ternporaturo another entirely distinct, or itideed that 
anyone hydrate can exist in solution by itself, apjaiar 
to mo to he nnsnp)Kirtcd by reason or the fiujts of 
the ciLse.” 

Mendelecff a few years later ex|)ressed a similar 
opinion in the followin},' words: “ Solutions may he 
regarded as fluid unstable, dcfitiile eheinical eom- 
pound.s in a stale of dissociation. ”' 

This view, however, wotild not be acceptable with¬ 
out modification to the majority of chemists at the 
present time. The act of dissolution is probably 
not due to chemical combination in the first instance, 
but is probably analogous to the sublimation of a 

^ PrinrifJft of Chrmittiy, vol. i. lOS (1891). 
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siilid into a gas, and proceeds from the detachment 
(5f molecules from the surface of the solid and their 
iiitermixturo with those of the surrounding liquid.' 
This is doubtless duo to the impact of the moving 
molecules of the liquid, and this view is supported by 
the existence of a relation between the fusibility of 
solids and their .solubility, from which it appears that 
in all ca-ses which can be brought into compari.soii 
with OIK! another, the solid which melts at the lower 
temperature dissolves most readily in a liipiid.^ 

In 1887 a theory was conceived which provided a 
beautiful explanation of all thcs(! various facts and 
relations. The first volume of the ZeUnchrift fiir 
phynikalinelie Vlieime (pp. 481-.')08) contained a paper 
by J. II. Van’t Hoff which threw a Hood of light 
upon the whole subject of solutions." T'he theory, 
then for the first time dcHiutely brought forward, is 
based upon the recognition of the analogy between 
the state of substances in solution and the same in 
the state of gas. Pfefi'er's results seem to have 
established the fact that osmotic iiressure in dilute 
solutions is proportional to the amount of dissolved 
substance in unit mass, and that the pressure is 
difoPtly proportional to the absolute temperature of 
the liquid. The laws of osmotic pressure, then, 

* Tilden and Shenstonp, PhU. Tratu., 1884, Part I, 30; Nernst, 
Zeitichri/t Phyt, Ckem., 4, 372 (1889). 

’ TiWen and Shenstone, loc. dt.; Carnelley, Phil. Mag. (5), 13, 
112 . 

* For an interesting summary of the course of events which led 
Van’t Hoff to the theory, sec Bcrichtt. 27 (1894), 6. 



VIII] 


KINETIC THEORY OF SOUTTION 


281 


assume the siime ferm as tlie liiw of Boyle, wljich 
connects pressure timl volume, and the law of (i*y- 
Ijussac, which connects leniisTature atid volunie, for 
gases. And further, since molecular proportions of 
dissolved sulislances produce at the ,s;uue tempera¬ 
ture eipial osmotic pressures, i ijiutl mlu inf« uf diffcrenl 
solutions, which give ihe same osUK)lic pressures, 
coritoiit tlni satin’ tiitmht'i’of mol,■airs. 'I’liis is ecpiiva- 
lent to asserting that the law (jf Avogadro applies 
to solutions as^ell as to gasc.s. 

For the sake of clearness it may he as well, before 
proceeding further, lo recall the main features and 
history ol thi' kinetic theory of ga.scs. From the 
phenomena of gaseous ditfusioii there seems to he 
verv direct proof that the particles or molecules of 
ga.scs an? always mo\iug ahout. This idea was long 
ago employed to c.vjilain their prcs.sureand elasticity, 
lait only in a general anil rather indclinite way, and 
it was in IH4H that .loitio for the tir.st time miulc 
some calctilatiotis as to the velocity which tho 
particles of hydrogoti and of o.vygett tniist have in 
order to proiitico the observed pressure. He found 
that the particles of hydrogcti, when at 0° and 
atmospheric pressure, movi.- at the rate of flioro 
than coot) feet [str second, which is mtich faster 
than any ordinary projectile.' 

A pajior had been communicated to the Royal 
Society by J. J. Waterston in IS-Ki, but iinfor- 

' “ Oq the Hechanical Eqaivalent of Heat, aad on the Conatitu- 
tniD of Etaatio Kliniia" {Brit. Aunr. fyp., IS48, Part II. 21-22). 
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tunstoly was not thoflght fit for full publicatipn at 
thi^time (see Froc. Roy. Soe., !>, 604). Nearly half a 
century afterwards it was di.scovered by Lord Ray¬ 
leigh in the archives of the Society, and was found 
to contain a nearly complete development of the 
theory which has .since become so famous. This 
pajHir has been printed in the Philosophiad Trans- 
(wtiom for 1892. Views essentially the same as 
Waterston’s were afterwards published by Krdnig in 
1856,* and by Clausius “ in 185V. 

The kinetic theory supposes that all the par¬ 
ticles in a gas subsist in a .state of perpetual 
movement with great velocity, but since they are 
very small, and much crowded together, no single 
molecule proceeds far in a straight line before 
it approaches another molooule, and its course is 
altered, much in the same way that an clastic ball 
falling upon any surface rebounds and pas.se.s off in 
a new direction. The constitution of a liquid is 
supposed to bo somewhat similar, the differenco be¬ 
tween a gas and a liquid being attributed to tho 
association of a certain proportion of tho moving 
molecules into groups; so that while in a tnie 
gas each molecule moves independently of tho 
rest, except for collisions, in a liquid there is 
a mixture of free molecules and aggregations of 
molecules. 

' ‘‘OrundiUgo^emerTli«)riederGaee'’(/’o<)j.A>m.,ioii 315-322). 

* ■* Ueber die Art der Bewegang weicbe wir Warme neneeii’' 
{Pong, dan., 1867, 353-380, and PM. Mag., xiy. 108-127), 



vni) IONIC DISSOCIATION ■ 283 

Wo may now return to the question proaorvted 
by the ^ phononiena of electroly sis. 11 has alroriliy 
boon stated that inetiillic salts generally, as well as 
acids and alkalis, when dissolvisl in a large quantity of 
water, cause a depre.ssion of the free/ing iKiinl of the 
water ncarlv twice as gre.it as the depression caused 
by the majority of carbon i onqioiinds. All these 
subsUineos are eleelridyles when in aqueous solution, 
while neutral carbon conqvmnds are not, Now, by 
carrying the analogy lielween dilute solutions and 
the gaseous stale a step further, an e,\plauation 
is provided of I he e\isience of these exceptions. 
This explanation is alVorded by the doctrine ol ionic 
dis.sociation introduced by Arrhenius in IHH.S. The 
ahnorinal vapour pressures of aninioniuni chloride, 
jihosphorie chloride, sniphnric acid, and many other 
conqMinnds arc accounted lor by t.hi- hy|s>the.sis 
already referreil to. that each inolecnlc ol such a 
conqiound when vaporised dissociates into two or 
more separate inoleeidcs, and in like manner the 
new theory supposes that substances which liecome 
electrolytes when di.ssolvcd owe the assumption 
of that character to a process of dissociation. 
The dissociation of snljdinric acid, for example, by 
the action of heat is, however, different in its cause 
as in its results, from the dissociation which is 
assumed to occur when it is mixed with water. 
Vapour of sulphuric acid is maile up of equal 
numbers of molecules of water and sulphur trioxide, 
which, if cooled so that liquefaction occurs, unite 
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together again, almost completely reproducing the 
original compound. Sulphuric acid diluted with 
water ia .supposed to yield a mixture of the ions 
H and SO,, the number of molecules of the com¬ 
pound so re.solvod ini;roasing in proportion to the 
dilution up to a limit. 

A view which, at first sight, appears somewhat 
similar to this was propo.sed some forty years ago 
by Clausius,' almost immediately after hi.s enuncia¬ 
tion and discussion of the kinetic theory of gasc.s. 
Clausius appears to have regarded a solution as 
consisting of a mixture of entire molecules moving 
about more or le,ss rapidly, acconling to the tem¬ 
perature of the liquid, togetluir with positive ami 
negative partial molecules or ions, which owe their 
separation from one another to the encounters which 
result from the motion of heat. The.se partial mole¬ 
cules, moving irregularly through the liquid, meet 
now and then with complementary partial molecules, 
with which, when conditions are favourable, they 
reunite and reproduce the original compound, the 
number of free or ionised particles being, according 
to this view, dependent upon the temperature, in- 
creaking in numbers as the temjierature is liigher; 
while if the temperature is lowered the recombina¬ 
tions occur more frequently than the separations in 
unit time, so that, on the whole, there are fewer 
free ions in the liquid, while under no circum- 

’ R. Clausius, “ Ueber die BlektrioitHtsleitung in Slektroljtea ” 
[Poffg., ol., 186T, 338; and Pkil. Mag., xv.. 1858. 94). 
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stance is it assumed that the number of pattial 
molecules is more than a very small percontagi? of 
the number of entire molecules, A doctrine of the 
same kind had been enunciated by William.son some 
years earlier in his memoir' on Uie " Theory of the 
Formation of yElhor.’’ The following passage ex¬ 
plains his view quite clearly "Wo .ire thus forced 
to admit that in an aggregalc of molecules of any 
compound there is an exebango constantly going on 
between the elements which are contained in it. 
For instance, a drop of bvdrocblorie acid being sup- 
po.stKl to bo inmle up of a great numlwr of mole¬ 
cules of the composition <'111, the proposition at 
which we have just arriveil would load us to Ixilicvo 
that each atom of hydrogen does not remain quietly 
in juxtaposition with the atom of chlorine with 
which it lirst united, but on the contrary, is con- 
■stantly changing places with other atoms of hydro¬ 
gen, or, what is the .same thing, changing chloritie.” 
Clausius, remarking upon this quotation, points out 
that Williamsfin’s theory assumes a more frequent 
exchange of one atom for another than apjrcars to 
him to tx! neees.sary for the explanation of electro¬ 
lytic conduction, in which case ho ohservea, “it is 
sufficient if the imi»tct lictween complete moloctilcs 
is occasionally and {jcrhap, comparatively speaking, 
rarely accompanied by an interchange of jrartial 
molecules.” 

Since these views were expressed by Clausius, 
■ nil. Maj., 18S0. 
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facta have become known which seem to show that, 
if ihe comparison of the dissolved with the gaseous 
state is accepted, electrolytic conduction should 
depend upon and be proportional to a dissociated 
state in the dissolved electrolyte, which increases as 
solution is more dilute. It has been stated, for 
example, that the depression of the freezing point 
of a solution of such a neutral compound as sugar, 
a non-eloctrolyto, is only about half the depression 
observed in the solution of an acid or a metallic 
salt which is an electrolyte. Arrhenius' supposes 
that when an electrolyte is dls.solved its ions separate 
from each other, not oidy, as assumed by Clausius, 
to a small extent, but to a largo extent which 
increases with dilution; so that in an intinitoly dilute 
solution none of the original molecules of the com¬ 
pound exist, but oidy the clcctrolytically active 
fragments of molecules or ions. When any electro¬ 
motive force is applied to an electrolyte, therefore, 
the current which passes is proportional to the 
number of ions leady to convey the electricity. 

There Is therefore a fundamental ditrerenco be¬ 
tween the earlier and the later views of the process 
of electrolysis. According to the well-known hypo¬ 
thesis of Grotthus, introduced in 1805, and to be 
found in all text-books of electricity to the present 
day, the molecules of an electrolyte upon which no 
oloctro-motivo force is acting must bo supposed 
to bo distributed at random throughout the liquid, 
‘ ZeUxhr. Pky$. CUm., i. (1887), 631. 
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and to be arranged in no sort of order. UTicn two 
metallic plates connected with a source of electri^ty 
are dipped into tlic liquid, .say dilute sulphuric 
acid, the [xisilive electricity of one plate attracts 
the oxygen, while the negative electricity of the 
other plate attracts the htdrogen, with the result 
that the molecules of acid range tln inselves in a 
multitude of [wlar chains acni,-.'. the space hetween 
the eleclrode.s. Then, if the elcclro-motivc force is 
sufficient, atoms of hydrogen arc detached from 
one end of all these chains, while the residues of the 
molecules left take hydrogen from the luljoining 
molecules, and so the transfer of hydrogen from 
molecule to molecule occurs throughout each chain. 
Oxygen is liheratcil in a similar way at the surface 
of the opiMisito electrode, with a similar transfer id' 
oxygen from molecule to molc<ulc throughout the 
series <d' molciadcs forming eaidi i liain. And thus, 
while hydrogen and oxygen are liberated in visible 
hulihle.s at the surfaces of the electrodes, no action 
is [icrccptihle within the liiinid which fills the space 
hetween. A difficulty alsmt this hypothesis, which 
has become apparent only within recent years, is 
that it assumes that the electrolyte is tom asufidcr 
into its ions by the maion of the current. If 
that were the case, each chemical com|«)nnd would 
require the application of a certain definite niini- 
inum electro-motive force jicculiar to itself before 
electrolysis would begin. But decom|)osition occurs 
even when the elcctro-inotivo force is extremely 
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weak, and it is therefore now more generally be- 
liared that the current does nothing more than 
direct to the respective electrodes the already 
separated ions. According to the Clausius hypo¬ 
thesis those aro few at any one instant, but as fast 
as they aro driven to the electrodes and are liber¬ 
ated, others arc produced by dissociation within 
the liijuid. According to the doctrine of Arrhenius, 
on the other hand, good electrolytic conductors are 
in a state of ionisation or dissociation, which is 
much more extensive, and which is increased by 
dilution up to a certain limit, when it may be nearly 
complete. The electric conductivity of a consider¬ 
able number of electrolytes, including all the most 
important acids, has been determined chiefly by a 
method introduced by Kohlraiisch, which is to be 
found doscribod in many text-books, and is based 
on the employment of an alternating current, thus 
avoiding the difficulties arising from “ polarisation ” 
of tho electrodes and other causes. The results of 
those experiments have led to tho remarkable con¬ 
clusion that electric conductivity is directly related 
to chemical activity. Thus the numbers expre.ssing 
tho‘electric conductivities of a series of acids of any 
given degree of dilution, also represent very closely 
the relative powers of the same acids to effect such 
chemical changes as the inversion of cane-sugar. 
The chemical activity of electrolytes is therefore 
directly related to the extent of the ionic dissocia¬ 
tion of the substance, if we accept the hypothesis. 
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and at the present time it must be admitted that 
there is no escape by way of any better explanation. 
Tho same hypothesis accords also with the well- 
known fact that many of tho strongest acids, 
hydrogen chloride for example, are, wlien apart 
from water in the liipiid state, both non-conductors 
and non-olcctrolytos, and at tin) sumo lime almost 
destitute of chemical activity. The most charac- 
tori.stic of all tho interactions produced by acids is 
that which follows from their contact with bases. 
This results in tho general formation of salts and 
water, but an anomaly is hero noticed which is 
almost ine.vplicable without tho ioni.sation theory. 
Tho neutrali.sation of an acid by a base is attended 
by tho evolution of heivt, and it has been generally 
snpi)o.scd that tho amount of heat ovolveil in a 
given re.action is a mea.sure of tho activity of tho 
affinities concerned, and of tho amount of energy 
which asca|X!.s or runs down in tho process. But 
when chemically equivalent quantities of different 
acids arc ncntrali.sed by tho same lutsic hydroxide, 
say soda NallO, the amount of heat evolved by .strong 
acids is not much greater than that afforded by 
acids reputed weak. Many experimental investiga¬ 
tions of this subject have lioen undertaken, but the 
results of the work of Julius Thomsen (see p. 41), 
may be regarded as tho most exact and tru.stworthy. 
He found that when one molecule of soda, NaHO, 
dissolved in water is neutralised by different acids 
mixed with tho same proportion of water, the amount 

T 
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of heat evolved may be represented by thermal units, 
expressed in the successive cases by the following 
numbers taken as examples: 


Name of nci<l. 

Amount reqalrod 
by NnHO. 

Heat eTolTOd. 

Ilydrochloric acid . 

. HCl 

13740 

Nitric acid 

. .. HNO 3 

13617 

Sulphuric acid 

. JHjSO, 

15690 

Phosphoric acid 

. . JH 3 PO, 

11343 

Formic acid 

. HOHOj 

13450 

Acetic acid 

. . HC-HjOj 

13400 


Tlioso examples suffice to show that the heat de¬ 
veloped when an acid is neutralised by a basic 
hydroxide bears no very obvious relation to the 
chemical activity of the acid, as indicated by other 
chemical reactions in which it is capable of taking 
part. The ionisation hypothesis affords an explana¬ 
tion of this which is consistent with all the facts 
known. The heat produced in such changes as 
these is chiefly due to the formation of water, and 
not to the production of the several salts, which 
like the acids and bases arc electrolytes, and are 
therefore, according to the hypothesis, dissociated to 
a considerable extent when in aqueous solution. 
Tlje change which occurs when soda and hydro¬ 
chloric acid are brought together is therefore not to 
bo represented by the familiar quotation: 

HCI+NaHO = NaCl tH,0. 

The expression must take rather the following 
form: 


H-l-Cl+Nft-tHO=Ha + Cl+H,0 
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And fr >ni this it Appears that water is a compouRd 
which differs from caustic soda and nearly all othA’ 
soluble oxides, chlorides, and salts, inasmuch as it is 
not under ordinary circumstances ionised to any 
considerable extent. This agrees with what is known 
of tbe properties of water as an electrolyte. It 
results from tho cx[)eriments of Davy, and of all who 
have followed since his time, that water is a very 
bad coniluclor, and its conductivity diminisbes in 
proia)rtion ns it, is deprived of <li.ssolvod salts or 
other substances. Pure water is very difficult to 
make, and still more difficult to preserve; but when 
every precaution has been taken to avoid eontamina- 
tion from the ves.sel in which it is kept, and from 
tho atmosphere surrounding it, tbe conductivity is 
so .small that the results given by different ox- 
porimentors differ widely from ono another. It is 
[jcrhaps owing to this remarkable pisiiliarity that 
water so well ])lays its part in natiiro as a liquid 
which is almost alisoliitcly neutral. While in some 
cases it behaves as a feeble acid, H.llt), and in other 
eases as a feebly basic hydroxide, its action is de¬ 
termined by the nature of tho substance in con^t 
with it. Tho projxirty which especially distinguishes 
water from the majority ()f other chemically neutral 
liquids is the power it ix)ssc.ssos of rendering acids, 
baso.s, and salts cicctrolytically eoniluctive when 
dissolved in it, that is, according to tho hypothesis, 
causing them to be resolved into their respective 
ions. 
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,The heat of neutfalisation of acids per equivalent 
is from 13,000 to 14,000 calories on the average. 
The differences noticeable in the values given above 
are attributed to the different extent of ionisation 
in the different acids when mixed with the same 
amounts of water. They are also partly duo to the 
fact that in some cases, notably that of phosphoric 
acid, the normal sodium salt supposed to bo formed 
is partially decomposed in the presence of water 
into soda and acid (hydrolysed), and hence the inter¬ 
action between equivalent quantities of base and acid 
is in such cases incomplete. 

Such in broad outline are the views accepted by, 
we must .suppose, the majority of chemists at the 
present day. They are consistent enough among 
them.solves, but while they help to connect together 
many facts and phenomena they arc still attended 
by many difficulties, and leave much that has always 
been obscure still unexplained. 

The ions, according to Arrhenius, are associated 
with electric charges, but whence these charges aro 
derived is far from intelligible. Taking common 
sa^t, for example, this substance in the solid state is 
universally supposed to bo made up of atoms of 
sodium in juxtaposition with atoms of chlorine; 
when the salt is dissolved in water a large propor¬ 
tion of the whole number of molecules are at one? 
resolved into ions of sodium with a positive charge, 
and ions of chlorine with an equal negative charge, 
and if the liquid is diluted the number of these dis- 
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sociuted and etiarged particles incrojvses till there are 
very few, if any, luoleeiiles of salt left. It dws nV 
apjiear necessary to the ionic doctrine, however, to 
assume the ]K'rmaiient resideiKs' of eharj^’cs of elec¬ 
tricity upon the separated atoms. It is only neees- 
■sary to state what is the fact, that there are two 
chusscs of elementary atom.s. (hic of these includes 
hydrogen and the metals which, in Milne, of sonic 
[icculiarity of their structure, are capahle of becoming 
as.sociated with a unit charge of positive electricity, 
and conveying this from the po.sitive electrode to 
the negative in the proce.ss of electrolysis. The 
other claas iuclude.s o.vygen, the halog(!n.s, sulphur, 
and perhaps .some others, which are similarly en¬ 
dowed with the power of conveying negative elec¬ 
tricity only, and in the proce.ss of elec trolysis travel 
with their unit charges from the negative to the 
jKisitive surface. On such a hy|aithesls the initial 
difficulty as to the determining cause of ionisation 
when a suhstanco like .salt is di.ssolved in water, is 
certainly not greater than that which attends the 
ordinary view; and, further, it may he isiinted out 
that it is not yet proved that all the elements come 
within the two cla.s.sc.s just mentioncsl. Caflion 
notably seems to be incapable of iw-suining the ionic 
state. Its chlorides are non-electrolytes, as arc all 
its hydrides,' and when electrolysis of a compound of 
carbon like acetic acid occurs, the hydrogen ion 

^ See, however, HclmboUz’s Fftra<lfty Lecture, Jtmrn. Chm. Soe., 
39,291 (1881). 
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goes to the cathode as usual, while the carbon, carrying 
alio some hydrogen with it, accompanies the oxygen 
to the cathode. The old que.stion is, in fact, not yet 
finally answered: is chemical combination due to 
the joining together of electrically charged atoms ?' 
in other words, is “chemical affinity” identical with 
electricity ? This may be true of acid.s, bases, and 
salts, but there is nothing to lead us to snspeot that 
the .atoms of carbon, hydrogen, and oxygen in sugar 
arc hold logothor in any such way. If the chemical 
energy of the sodium and chlorine becomes electrical 
when common salt dissolves, there is no obvious 
reiuson why tho chemical energy of the .sugar 
should not, at least in p.art, undergo a correspond¬ 
ing change, and give an electrolyte, of which the 
hydroxyl present in the sugar molecule would 
naturally bo tho negative ion. Sugar, however, 
shows a normal osmotic pressure, and does not 
conduct clectrolytically. 

The only compounds of carbon which are capable 
of pure oleetrolytio decomposition are those which 
play tho part of acids, and in such (3ase3 the carbonyl 
group, CO.OH, is usually present, and is resolved 
ints H, which goes to the cathode, while tho CO.O 
passes to the anode, dragging with it all the remain¬ 
ing carbon, hydrogen, and other atoms which are 
attached to it in tho compound. It is easy enough 

* In recent lectures at the Rojal Inetitution Sir J. J. Thomson 
has given reasons for believing that chemical combination does not 
take place between atoms oppositely cbai^^ with electricity. See 
also the “Bakerian Lecture.” Proc. Roy. 91a, 1. 
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to see why the conductivity of trichloracetic acid, 
CClj.COOH, so greatly exceeds that of acetic acid, 
for the anion has not the burden of hydrogen atoms 
to carry to the electrode, but has in the chlorine 
a passenger which actually helps to row llio boat 
across. 

Nitrogen is another olcnicnt about the capability 
of which to form an ion tla-ro wa.s at one lime 
some room for doubt. Ainmonia is not an electro¬ 
lyte unless dis.solved in waliT. and then it behaves 
os a hydroxide. Nitric acid is rcsolveil into II and 
NOj. which is fnrtber broken up by electrolysi.s. 
The only compound in wbicb nitrogen alone ligiiros 
as an ion ap|)car.s to be bydrazoic acid, or diazo- 
imide, HNj. (jf wbicb the ions mu.sl be H and N,. 
By electrolysis of its aiptcous .solution it is resolved 
into hydrogen and ordinary nitrogen (./ourni. Vhem. 
Site., 77, COG, and 70.7). 

Electrical discharges are ea|)able, bowever, of pro¬ 
ducing other ett'ecLs than those whii li are manife.sted 
in the electrolysis of liipiiils. .So long ago as the 
end of the eighteenth century it was observeil that 
a ])Oculiar smell was dcveloiK.sl in the air near a 
frictional eicclrical machine, anil the cau.se of^his 
was shown by Schonlioin' in 1X40 to lie duo to 
the production of a peculiar substance, ozone, which 
later researches identified with an allotrope of oxygon. 
The use of the .so-called silent discharge was-later 
adopted by Bertfaelot, and one of the most intcrcst- 

‘ For the history of Oxotie. sec Odtlog, Pnc. Roy. Intt., 1S72. 
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ing results of his experiments was the production 
of persulphuric anhydride S^O,.* The silent dis¬ 
charge, as well as the spark and the arc, appears to 
produce its effect by local sudden heating followed 
by rapid cooling, and the products usually consist of 
compounds formed by the union of the gases present, 
or products of conilensation like ozone. Some of 
these interactions have assumed within recent years 
considerable commercial importance, as, for example, 
in the condensation of atmospheric nitrogen and 
oxygen in the synthetic manufacture of nitrates,® and 
in the combination of nitrogen and hydrogen for 
the production of ammonia. 

But the most surprising re.sult.s have been observed 
when the discharge is caused to pass through a gas 
under pressure considerably below the ordinary 
atmospheric pressure. From the time of the in¬ 
vention of the induction coil, the phenomena ex¬ 
hibited by the discharge through rarefied gases, the 
glow, unequal at the two poles, the stratification of 
the luminosity, and so forth, have attracted consider¬ 
able curiosity. But improvements in the means of 
producing a high vacuum, and in particular the 
invtntion of the Sprengcl and other forms of mercury 
pump, led to the discovery of very remarkable facts. 
In the hands of Sir William Crookes ® the phenomena 
led him, about 1879, to the conception of the ultra- 

^ Comjpi. JUnd.y 86 , 20. 

* See The Utilisation of Atmospheric Nitrogen," bj Professor 
CroBsley, F.R.S., Fkarmaceutical Journal, March 1910. 

• Proc. -fioy. Soc., 30, 469 (1880). 
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gaseous state of matter in wliieli tlio iiioiui free 
path of the molei.iiles is sii|ipose(l to liewinu so Mjig 
that they interfere with one another hy collision to 
a comparatively slight extent. 

Tlic stream from the cathoile is ilotlceteil hy tho 
approach of a magnet, and when it strikes on tlio 
wall of the containing vessel, or on any solid placed 
in its path, it prodin-es ine.inde~, cnee or plnwphore.s- 
oeneo. At tho same time there is generated another 
kind of radiation discovered hy Kontgen, and usually 
sjioken of a,s the X-rays. These are capahle of jiro- 
diicing iihotographie eifects, and are iiecniiar in tho 
power they ]io.s.sess of (laasing through many suh- 
stances which arc o|mqno to ordinary light. Theso 
X-rays are not supposed to ho material, lor they aro 
not dollected hy a miignetie or electric held. On tho 
other hand, the cathode rays, whii li were snpiHised 
hy (Jrookos to consist of electrically charged mvleculcit 
travelling with great velocity, have hcen shown hy 
Professor J, J. Thomson' to consist of negatively 
olectrilied particles much .smaller than molecules of 
ordinary matter. The met,Inals hy which this ro- 
markahlo result has been arrived at are descrilK!i| in 
Thoni.son’.s works (('muhwtton of KUvIr'wUy thftnujh 
Omen, and The CorptimUar Theory <f Muller). 

These minute particles, which have a mass approxi¬ 
mately TTVifh that of an atom of hydrogen, were 
originally spoken of as corpuscles, but the name 
"electron," first used hy Johnstone Stoney, is now 
> Pkil. J%., 44, 293 (1897). 
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• 

most usually applied to them. That the charge they 
cajfry is negative is shown by the way in’which 
they are deflected in an electric field, and since 
one kind of electricity is never manifested without 
the development of an equal amount of the oppo¬ 
site sign, positively charged particles are to bo 
expected. These have been recognised proceeding 
from the anode, and when a perforated cathode 
is used they fonn part of the rays which pass 
backwards through the hole in the plate. The 
latter are known as canal rays or hmaldrahlen} 
Those positive ions, however, have a much greater 
mass, which is never much leas than that of the 
hydrogen atom. 

Negative corpuscles are produced in other ways, 
as by the action of heat on metals and other kinds 
of matter, and from radio-active substances, especially 
radium, and from those ob-servalions has been de¬ 
veloped a remarkable corpuscular theory of matter 
(J. J. Thom.son in the work already cited). 

Thus theory assumes that the atom of the chemist 
is not the ultimate unit. Every atom must consist 
of a mass of electrons held together within a shell 
of jfcsitive matter equivalent in amount, so as to 
produce a condition of electrical neutrality. When 
chemical combination oxksts between two atoms, it 
is assumed that each possesses a number of unit 

^ For the remarkable results obtaioed in the iorestigation of 
these rajs, see (he “ Bakcrian Lecture *’ (Maj 22, 1913) to the 
Rojal Society by Sir J. J. Thomson. 
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charges of electricity' proportional to its valency, 
and opposite in sign to the charges possessed ‘by 
the atom with which it is united. Now what is 
called a charge of electricity apparently depends on 
the addition of an electron to an atom, or the sub¬ 
traction of the .same amount from it, so that a 
negatively charged atom is associated with one or 
more additional electrons, while a positive, atom has 
lost one or more electrons. lUTusay- has projaiscd 
to regard the electron as an ehauent and to repre¬ 
sent it lus a substantial link which binds atotns 
together in chenncjal union. When ioni.salion occurs 
the atoms are .separated, the electrons remain attached 
to one kind giving them electro-negative characters, 
while the others having no attacheil electron exhibit 
electro- positi ve characters. 

A remarkable recent result of the study of the 
electric discharge through gases is the production 
of a chemically active modification of idtrogen." lU 
activity is nianife.stcd by the jmwer it pcjasosses of 
combining directly with metals and of attacking 
nitric oxide and other gases when mixe<l with them. 
It has long been known that some gases in a vacuum 
tube show a luminosity after the di.scbarge causes, 
and this Ls specially characteristic of thi.s active 
modification of nitrogen. Its activity is attributed 

^ The ODit ebar^e is 9G494 coulombii, or the amoont carried bjr 
107*88 grams, or 1 gram cquivaleot of silver lo the cathofle in 
electroWsis. 

• Joum. Chem. &>c., 93, 774 (1908). 

’ Strutt, Pnx. Roy S<K.,H5k, 219(1911). 
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to the presence of dissociated atoms of nijrogen, 
thriir reversion to the condition of ordinary nitrogen 
being accelerated when cooled in liquid air, the glow 
apparently attending this process. 

In 1880 Professor H. B. Dixon ‘ di.scovered the 
rcmarkahlc fact that a mixture of carbonic oxide 
and oxygen completely dried is not inflamed by 
the pa.s.sngo of an electric spark in contact with the 
gas. This attracted attention to other facts pre¬ 
viously known, which seemed to prove that chlorine 
in the ahsenco of moisture was very far from being 
the active substance commonly supjw.sed. Chlorine, 
it is now known, may he kept in contact with 
sodium, or with copper, for years without tarnishing 
the lustre of the motid, provided both have been 
most carefully dried, while on the introduction of a 
drop of water instantaneous combination ocouns. 
Other experiments by Professor Brereton Baker 
have demonstrated that the combustion of carbon, 
sulphur, and even phosphorus in oxygen is pre¬ 
vented at temperatures considerably above the 
ordinary igniting points of these substances if 
moisture is removed as completely as possible,* and 
that even ammonia and hydrogen chloride,* and 
nitric oxide and oxygen do not combine when both 
gases are perfectly dry. On these and some other 
results attempts have been made to construct an 

‘ Brit. Astoc. Htportf 503 (1880). 

* Proc. Roy. Soc., 46,1>3 (1888). 

» Joum. Chm. Soe., 611-C24 (1894). 
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olectro-chemical theory of combination, which, how¬ 
ever, requires that in aU civscs of union a smfcll 
quantity of some third substance, not necessarily 
water, must be present. It will bo necessary, how¬ 
ever, to study the conditions of cheniical change 
yet more fully and completely ladoro anything more 
than partial and tentative hvpntliesis will bo within 
reach. 
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and in 1888 at Strasbourg. In 189.5 he was appointetl Pge* 
sident of the Physico-Technicul Institute (lieichsanstalt) in 
Chnrlottenburg. He died at Marburg, 17th Jan. 1910. 
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«0f., 8l,!>G9(l!kl2}.l 

Frikdricm Ut’DORKK, Imrn .'Ird Nov. lH:i2at Werl, in West¬ 
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• 
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teniburg), 18th Oct. 1799. lie }>ocume a student in the Uni¬ 
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[Obituary by R. Mussel, Joimi. Vkem. -SV., i)l, 661 (1907).] 
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CHAPTER IX 

DISCOVKKIES llEI.ATINll TO THE I.IVUEKACTION 
OK OASES 

It is perhaps not surprising that llio older chemists, 
down to the middle of tho seventeenth century, 
should have boon almost entirely ignorant as to the 
relation of “ volatile spirits ” and air to other kinds 
of matter, and that no clear distinctions could 1 k 3 
drawn between tho different kimls of air, whether 
as to chemical compisilion or physical projjortics, 
till the experiments of Black, Priestley, (Cavendish, 
and Lavoisier in tho middle of the eighteenth century 
brought so much now light upon this difficult sub¬ 
ject. For, down to our own day, notwithstanding 
exact knowloilgo lus to their composition, a purely 
arbitrary distinction prevailed between “permanent" 
gases and other kinds of v.aporisablo substance. Vfo 
owe tho abolition of this artificial and baseless dis¬ 
tinction, and our present convictions as to tho unity 
of the essential nature of all terrestrial matter, to a 
long course of experimental inquiry, the history of 
which during these later years forms a tangleil web, 
tho several threads of which arc very difficult to 
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follow clearly, and the pursuit of which would not 
t*e very profitable to the student* 

The first recorded reference to the liquefaction of 
a commonly recognised gas occurs in Fcnircroy's 
(Jhcminlrji, vol. ii. p. 74, whore it is stated, without 
any description of the process, that Citizens Monge 
and Clouet have liquefied sulphurous acid (sulphur 
ilioxjde). Tho next experiment of the same kind 
was made by Northmore, who, in 1805, reduced 
chlorine and probably also sulphurous acid to tho 
liquid state by compressing the gas, by means of 
a brass condensing syringe, into a pear-shaped glass 
receiver.* From this time till the subject was taken 
up by Faraday no gases were reduced to liquid, but 
in tho interval Cagniard de la Tour carried out his 
remarkable inve.stigation into the action of heat 
upon volatile liquids.* By heating to various tem¬ 
peratures water, or ether, or alcohol, contained in a 
gun-barrel stopped at each end, he was able to 
prove that such liquid may bo wholly changed into 
v.aponr, notwithstanding tho existence of an enor¬ 
mous pressure, and in tho case of ether tho vapour 
thus formed occupies a volume less than twice the 
volume of the liquid from which it is produced. By 

I A tolerably complete and impartial atatement of the cootriba- 
tions made to the subject of the liquefaction of gases by various 
experimenters who have devoted themselves to it, is given by 
Prince Kropotkin in the Niwlcmth CeiUnry for Aug. 1898. For 
more recent results see article “ Liquefaction in Thorpe’$ IHctionary, 
new ed.. vol. iii. 

* Nii^olson's Journal, xli. and ziii. 

* ylnn. Chin., 2nd series, 21, 127, 178. and 22, 410. 
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enclosing a stone ball in the tube along with tjie 
liquid, he was able to tell when the liquid hiftl 
entirely evaporated by tho character of the sound 
producoil within by rolling the ball to and fro, and 
ho oven succeeded in making some rough estima¬ 
tions of the pressure of tho vapour within. Similar 
results were afterwards obtained in glass tubc.s. 

The researches which ultimately led to the hque- 
faction of all known ga-ses were begun by Faraday 
and Davy in 1S23. Tho exampio of steam, which 
is known to bo coudons.ablo to liquid water either 
by cooling or by pressure, would haul naturally to 
tho belief that some at least of the substances called 
gases might be vapours of very volatile Mqiiids con¬ 
densable like .steam to liquid. In dealing with a 
gas two methods present them.solves when tho object 
is to subject it to pressure: tho one alroiuly u.sod 
by Northmore consists in tho ilirei't application of 
mechanical pressure by means of a pump; tho other 
consists in enclo.sing materials from which tho gas 
can bo generated within a tube strong enough to 
resist tho pre.ssurc of the gas a.s it accumulates. 
The latter was the method used by Faraday. Jho 
first case examined was that of chlorine, which had 
been found by Faraday himself to form a crystalline 
compound with water. It is now a little doubtful 
what idea led to the heating of these crystals in a 
closed tube, and whether it occurred first to Davy 
or to his assistant. Faraday had been previously 
occupied with chlorine, and had discovered two 
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chlorides of carbon in 1820. But Davy sgems to 
have suggested the experiment which led to the 
observation of liquid chlorine, and to have regarded 
the condensation of the gases as his own subject 
(sco Faraday’s Reaearchen, p. 139). Immediately 
after this muriatic acid was liquefied by a similar 
method, in which the materials used were sal-am- 
moniao and .sulphuric acid, and Faraday, there can 
bo no doubt, was the operator. Farailay also lique¬ 
fied in glass tubes sulphur dioxide, sulphuretted 
hydrogen, carbon dioxide, nitrous oxide, euchlorine, 
cyanogen, and ammonia. Thoro then remained only 
the gases of the atmosphere, namely, oxygon and 
nitrogen, beside hydrogen, marsh gas, carbonic oxide, 
and nitric oxide, which resisted all attempts by this 
method to change their state, and arsenettod hydro¬ 
gen, hydriodic and hydrobromic acids, which were 
easily overcome by Faraday when some twenty 
years later he resumed his experiments upon the 
subject. In tho meantime Thiloricr in Paris, acting 
uix)n tho same principle, with tho substitution of 
metallic cylinders for glass tubes, prepared large 
quantities of liquid carbon dioxide, and was the first 
to obtain this substance in a solid state.' For this 
purpose ho used the now familiar method of allowing 
a jet of tho liquid to escape through a fine orifice 
into a box of peculiar construction, where, in con¬ 
sequence of the evaporation of a portion of tho 
liquid, tho rest is chilled below its freezing point, 

> Sun. CUn., 60(1839), 432. 
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and accumulates in the form of a fine snow-liko 
powder. This solid material has ever sineo playsd 
a prominent part in many cxix;rimenLs reiiniring a 
low tcm[)oratnre, ami though it i.s not hy the aid of 
solid carbon dioxide that the most remarkahle results 
have been ohpiinod, tt remains to this day an ex¬ 
tremely valuable ervogenie agent. In IS+.') Karaday 
published ‘ the results of further attempts to liquefy 
the giuses remaining unsubdued by his earlier mellnal. 
Ho now employed two jjiimps lijr eianpreasion, and 
glass globes fitted with stop-cocks as re(,'eivor.s. Tho 
latter he cooled to a temiierature of Kili'’ K. below 
zero, by imxins of solid carbon dioxide aial ether boil¬ 
ing under reduced pre.s.suro. In .stating tho con¬ 
siderations which led him to (snploy this agent, and 
in discussing the want of success in deiiling with 
tho six so-called permanent gases, I'araday evidently 
had idoa.s which canto very nettr to an anticipation 
of the important [irinciple established twenty years 
later hy Andrews. With regard to tho ex])erimcntal 
conditions he says, “ As my hopes of sticco.s.s, beyond 
that heretofore obuiinotl, do|)ende<l tnoro U[K)1i de¬ 
pression of tom])eraturo than on the pre.s.snro which 
I could employ in those tubes, 1 endeavoureck to 
obtain a still greater ilegrce of cold. There arc, in 
faet, some results producible hy cold which no 
pressure may be able to effect. Again, that beauti¬ 
ful condition which Cagniard de la Tour ha.s made 
known, and which comes on with liquids at a certain 

* Phil, Tran). (1845), 155, aod ColUckd Works, p. 96. 
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heat, may have its point of temperature for some of 

tho bodies to bo experimented with, as bxygen, 
h^'drogen, nitrogen, &c,, below that belonging to the 
bath of carbonic acid and ether; and in that case 
no pressure which any apparatus could bear would 
bo able to bring them into the liquid or solid state.” 
Aiul later on bo observes that “ the temperature of 
- Hid" F. below 0°, low as it is, is probably iiboue 
this point of temperature for hydrogen, and perhaps 
oxygen and nitrogen; and then no compression, 
without tho conjoint application of a degree of cold 
below that wo have as yet obtained, can bo expected 
to take from them their gaseous state,” 

Here, then, the resources of the physical labora¬ 
tory seemed to have been exhausted, and it is 
probable that, slowly as siniccssive steps toward 
the desired end, the reduction of tho remaining 
intractable gases, seemed to bo accomplished, pro¬ 
gress would have been still further delayed but 
for the important experiments of Andrews, which, 
though carried on during many years, were not 
published in exiemo till ISIii).' Previously to 1863 
Ur. Andrews had observed that “ on partially lique¬ 
fying carbonic acid by pressure alone, and gradually 
raising at the same time the temperature to 88° F., 
the surface of demarcation between the liquid and 
gas became fainter, lost its curvature, and at last 
disappeared. The space was then occupied by a 

^ On th« Oentlaalty of tb« Gaaeooa ant) Liquid Statu 
Matter”; The Bakerian XiOOtare 1869, it. 676). 
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homogeneous tluid, which exhibited, when the 
pressure was suddeidy diminished or the tempcratujo 
slightly lowered, a jieculiar appearance of moving 
or flickering slric ihronghoiil its entire mass. At 
temperatures above SK“ no ap|>arenl liipiefacliont of 
carlxmic acid, or sc|)araticin into two distinct forms 
of matter, could be cfl'eclcd even when a pressure of 
3(M) or 100 atuios|ilicrcs «as .ip|ilicd," Andrews 
then proceeded lo make a series of exact coiftpari- 
sons of the volume assumed by carbon dioxide and 
air when .submitted to pressure at suecessivi? degrees 
of temperature starting from that of the air. The 
results arc most easily intelligible with the aiil of 
the diagram given in the Hakerian bcclure. Hero 
the curves are drawn with reference lo two axes 
of reetaugidar co-ordinates; the volumes oecU|)ieil 
by the gases being the ordinates, and the pressures 
the ab.sci.ssa', while the leiu|ieraturcs marked on each 
curve are maintaineil eonstinl. 

The difference in the behaviour ot carbon dioxide 
and air when submitteil to gradually increasing 
pressure at the temperature of the air is well shown 
by the curves. While air is steiulily reduced in 
volume as pressure inerea.scs, from 1 up to /lO 
atmospheres, carbon dioxide contracts at all tem]X!ra- 
tures more rapidly than wouhl l )0 indicated by 
Boyle’s law, and at the pressure of 49N9 atmos- 

' It 18 interesting here to compare Faraday's remark in 1845: 

“ I am inclined to think that at 9(f Cagniard do la Tour's slate 
comas on with ca^bmoio 9ti\6."—CoUttitd Worh, p. 109. 
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pheres liquefaction begins. This is shown in the 
curve marked 13°1 by the sudden change'from a 
slope to a vertical direction. The other curves 
.show the nature of the volume changes which ensue 
when the same increase of pressure is applied at 
higher temperatures. Above .‘)0°'i)2 0. or 87°'7 F. 
Andrews found that no preasurc was capable of 



producing visible liquefaction. This temperature, 
then, is called the critical point; below this lique¬ 
faction occurs when sufficient pres.sure is applied, 
above it carbon dioxide liohaves more nearly like 
a permanent gas in proportion as the tempera¬ 
ture is raised. All other gases behave in a similar 
way. 

On this series of observations Andrews was able 
to base an interesting distinction between a “gas” 
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and a “ vapour," terms whicli up to this time 
htwl been used in an nneerlain and arbitrary Way. 
" Ether,” ho s;iys, “ in tlie stato of gas is called a 
vapour, wbih^ sulphurous a<'id in the same state is 
called a gas; yet they are both vapours, the one 
dorivecl from a liipiid boiling at 3.')“, tho other 
from a li<piid boiling at - lll° . . , Many of tho 
projterties of vapours depemI 'ai ilio pus and li<iuid 
being present in contact with one another, and this 
we htive seen can only occur at tempccratnres below 
the critical point. We may aecccrditigly define a 
vapour to be a gius at any tcmiarature under its 
critical point. ... If this dclitiition be accepted, 
carbonic acid will be a vajionr bitlow 31°, a gas 
above that temperature; ether a vapour below 200°, 
a gas tdtovo that tem|K!rattiri!,’' 

Tho most im[K)rtant deduction from the results of 
the.so experiments, then, sitpplies a clear explanation 
of tho difticnlt.y encountered in .ittempting tho 
liquefaction of the six exceptional ga-ses. Up to 
this time tho lowest tetiiixiratures alUdnablo had 
been above the critical points of all of them. It is 
now known that the critical temiajratnro of oxygon, 
for example, is about -1 IH° H (and that of nitrtigen 
— 14ti°' a. It was not till pjwards tho close of tho 
year 1877, that two experimenters working along 
distinet lines arrived by the use of two different 
methods at substantially the same result. On the 
24th December 1877, at the meeting of the 
French Academy, two communications announcing 
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the liquefaction of oxygen were received, the one 
from M. Raoul Pictet of Geneva, the other from M. 
Louis Gailletet' of Chatillon-sur-Seine. Pictet * em¬ 
ployed what was essentially the method of Faraday, 
that is, he generated the gas within a closed vessel, 
where by its accumulation prossnre was generated, 
and he cooled the tube containing the gas. He 
attained the success which was denied to Faraday, 
by tho more efficient cooling of the gas. By means 
of tho evaporation of liquid sulphur dioxide, tho 
temperature of — 6.5° (I. is reached, and at this point 
carbon dioxide is easily liquefied. By the rapid 
boiling of tho liquid thus produced, the temperature 
of — 140’ C. is attained. This is below the critical 
point for o.xygon, and the pressure employed by 
Pictet in his first experiments, amounting to about 
475 atmospheres, was, therefore, excessive and 
unnecessary. Liquid oxygen was formed in con¬ 
siderable quantity, but the announcement in the 
following month of the liquefaction and solidification 
of hydrogen was evidently based upon some error 
of observation, for wo now know that the critical 
temperature of hydrogen is nearly 120° lower in 
the ^ale. 

Gailletet employed an apparatus, over since 
familiarly known as a laboratory appliance under 
the name of the Gailletet pump, whereby a gas 

* “ D« la condeBMtioD dt Toz^g^ae et de Toi^de de carbOBO," 

L. Caillatat Rtnd., 86,1213). 

* "Exp^rieooes sar la liqu^j^tion de I’ozyg^ne,” R. Pictet {Comfi. 
Jimtd,, 86,1214). 
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can bo subinitlod to considerable pressure, and 
when greatly reduced in voluino the pressure aiui 
bo suddenly relicve<l. Under these conditions tfio 
expansion of the gas pnsbiees (sioling. in consequence 
of which a |M)rtion of it apiiears in Ihe 61011 of 
iniimto droplets, of wliii li a part leiimins suspended 
in the gas, giving the iqipeJiraiico of a cloud, and 
part usually collects in visible si reams upon the 
side of the tube containing it. With this apparatus 
Caillotot reduced to the liipiiil stale oxygen and 
carbonic oxide, beside etbyleno .and acolyleno, marsh 
gius and nitric oxide. 

Two now roinained of tb<‘ ori,”inal six nneon- 
donsablo gases, namely, nitrogen and hydrogen. 
Nitrogen yielded in I.Hs:!, in I hi! hands of the 
Polish Profes,sors Wrbblewski ainl Ol.szew.ski;' but 
hydrogen resisted for many years the almost con¬ 
tinuous efforts whicli were mmle to collect it in 
the liquid form, though in 1HS4. Wrdblew.ski* 
announced that ho hiul observed an appearance of 
ebullition as of liquid in the gas itnder experiment. 
This was contradicted by Olszewski, who in his 
him almost immediately afterwards’ declared that 
he had obtained a similar effect under .somewhat 
different conditions. The difficulties of the investi¬ 
gation now increased enormously, and it is not 
surprising that progress was slow, considering both 
the great pecuniary cost of the work, involving as it 

■ Oot^ Mmd., M, 1110 ud 1!3S. 

■ /Wd., 98, 301. * IM., 98, .868. 
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did tho construction of much expensive apparatus, 
ai|d the use of large quantities of liquefied gases, as 
well as tho considerable personal risk involved in 
the oruployment of the very high pressures which 
the various reservoirs of gas were required to 
sustain. Henceforward, for nearly twenty years no 
new principle was introduced. C'aillctet in 1882 
reconunended the use of liquid ethylene for tho 
production of low tempcralure.s, and when hy the 
aid of ethylene oxygon in a liquid state could bo 
obtained in fairly large quantity, this also was 
oniployod as a refrigerant. The application of 
external cold to the vessel containing the highly 
comprc.sscd gas was also associated with the cool¬ 
ing eft'oet produced hy expansion as in Cailletet’s 
method, and it was in this way that nitrogen was 
first liquefied hy VVrohlcwski and Olszewski in 1883, 
as already mentioned. By a similar process Olszewski 
got evidence of tho liquefaction of hydrogen, and 
was able a few years later to determine it-s critical 
temperature and boiling point' with some consider¬ 
able approach to accuracy. 

About this time, namely, in 1884, tho production 
of 18w temperatures and tho liquefaction of gases 
became a subject of research in the laboratory of 
the Royal Institution, under Professor Dewar. He, 
like the Russian chemists, employed liquid nitrous 
oxide and ethylene as cooling agents, but save in 
the dimensions of the apparatus, no essential differ- 
* PhU. Moff., Aog. 1895. 
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ence is apparent in the published accounts of the 
methods of procedure, the principles involved beijig 
exactly the .same. Tlio collection of largo quanti¬ 
ties of liquid oxygon and liquid air ha-s, however, 
provided the moans of proiliioing and maintaining a 
low temperature for a length of lime, sufficient to 
allow a number of important investigations to lie 
carried on, which have rosiillod in the discovery of 
many interesting facts relating to the [ihysical and 
cliemical properties of matter at temperatures not 
far above the absolute zero. Some of those will bo 
referred to later on. 

In the course of this work an ingenious device ot 
Professor Dewar’s luis provided the moans of avoid¬ 
ing one serious difficulty. Of cotir.se all objeets at 
the common tcm])eraturc of a room are at some 
200 degrees ('entigraiio above the boiling laiints of 
these very volatile liquids, jind hence any glass or 
other vessel u.sed for their collection is relatively 
very hot. When the liquid is |X)ured into such a 
vassol violent boiling at first occurs until the tem¬ 
perature of the glass is reduced to that of the 
liquid. But even then heat piucses from the air 
into the walls of the vcs-sel, and so to the liquid^ fasf 
enough to cause veiy rapid evaporation and loss. 
This is avoided by immersing the vo.s8el in which 
the liquid is to be collected in a second vessel, also of 
glass, united with it at the mouth, and completely 
removing the air from the space between the two. 
Across such a vacuous space no heat can be brought 
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by convection of air, and as under ordinary oircum- 
stnnces the amount of heat which is radiated to the 
contents of such a jacketed receiver is relatively 
small, vessels of this kind afford the means of storing 
liquid air, or oxygen, oven for days, while the rate 
of evaporation becomes exceedingly slow. 

Tbe year 1895 will bo memorable for the introduc¬ 
tion of a principle which, though previously known, 
had never before been made tho basis of a method 
for effecting tho cooling of a compressed gas. It 
has, of course, long been known that when a gas is 
compressed it becomes heated, and if the operation 
is performed quickly, so that there is no time for 
much loss by radiation or conduction, the tempera¬ 
ture may be raised very considerably. This is often 
demonstrated by tho use of tho so-called “ fire 
syringe,” which consists of a strong glass tube closed 
at one end and fitted with a piston. By introducing 
a drop of an inflammable liquid, such os ether or 
carbon bistdpbido, and then suddenly forcing down 
tho piston, so os to squeeze the air into a relatively 
small volume, a flash of light is seen, which is pro¬ 
duced by the ignition of the mixed air and vapour 
in tho tube. Supposing a quantity of air compressed 
by a piston in a similar manner, and the heat dis¬ 
engaged is allowed to pass away, upon allowing the 
gas to expand again, and so to lift the piston against 
the pressure of tho atmosphere, a corresponding 
cooling effect will result, and the temperature of the 
air will be lowered. This is, in fact, the principle 
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made uso of in the most ordinary refrigerating 
machines, which are used for making ice for 
serving moat, and for other purposes. 

About 1844 Joule maelo a nundx'r of experiments 
upon this subject, and demonstrated that the oold 
proiluced by the dilatation of a gas results from 
the conversion of heat into work in aecordanco with 
the universal principle. Ho thought at firsj that 
if the dilatation was so arranged that the gas ilid 
no work, then no cooling would result,. Hut it was 
pointed out later by 1’rofe.s.sor W. Thomson' (Lord 
Kelvin), that this is oidy approximately true for 
ordinary gases, which <lo not .strictly comply with 
the gaseous laws connecting volume with pressure 
and temperature, and that some cooling would occur 
under such isniditions, the effect being the greater 
in gases which, like carbon dioxide gas, were less 
perfect than others, like air. This was verified by 
experiment, gases under considerable pre.ssure being 
allowed to e.scapo through a porous plug. Air at 
16° (J. was found to be reduced in temperature 
about ’26 of a degree (.'cntigriule for each atmos¬ 
phere of release, oxygen at 0° was cooled ’316° C., 
and carbon dioxide T252° 0. per atmosphere. ^Tho 
amount of such cooling is approximately inversely 
os the square of the absolute temperature, so that 
the colder the gas is while under pressure the more 
it is cooled by release. At about —130° C. com- 

* Thoroson’K 3faiAmatical and Phy$wil Paperg, toI. i. (“ Tberai*! 
Effects of Fluids ”). 
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pressed air is cooled to the extent of about 1° per 
a^fnosphere taken off. 

This principle has been applied nol only by 
Caillotet in the apparatus successfully used in the 
liquefaction of oxygen, but by later workers in the 
various attempts to reduce oxygen to the liquid 
state. Thus Olszewski, in 1KK4, exposed hydrogen 
gas under a pressure of about 150 atmo.spheres to 
the temperature of - 211° by means of liquid oxygen 
boiling under reduced pressure. The pressure of the 
hydrogen was then reduced to about 20 atmos¬ 
pheres, and being thus reduced in temperature below 
its critical point a portion of it was liquefied. 

W. Siemens, in 1857, seems to have had the idea 
of “regenerating” cold by applying the same prin¬ 
ciple which is used in his well-known regenerative 
furnace for the storage of heal, but this idea was 
never carried into practice. Liter, in 1885, Solvay 
patented a process based uj)on the same principle, 
which involved the use of an expansion cylinder. 
By such methods, however, the difficulty of exclud¬ 
ing access of heat from without puts a rather narrow 
limit upon the amount of cooling actually attainable. 

More recently a method has been devised by 
which such cooling effect can be made practically 
cumulative, the gas while still under pressure being 
cooled by another portion of the same immediately 
after release. A description of such apparatus by 
which practical results upon a large scale were ob¬ 
tainable was given for the first time by Herr Linde, 
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an engineer, of Munich;' but a patent for an appli¬ 
cation of the same principle had been obtained pre¬ 
viously (Miy 23, 1895) in England by Ur. V^. 
Hampson.* Both machines have .since undergone 
modification in deUiil, and are now employed suc¬ 
cessfully on a manufacturing scale for the lique¬ 
faction of air for use as a refrigi'ialing agent, and for 
other purposes. It is impossible to descrit )0 the ap¬ 
paratus in detail without the use of many diagrams, 
but from what has alrciuly been said it will bo easily 
anticipated th.at it is oidy neccs-sirry to provide a 
spiral copper lube having a lino hole at its extremity 
for the os(a])o of the compressed gas, and a metal 
cylinder surrounding the coil through which the gas 
enters, .so that the gas cooled by expansion is made 
to return over the coils of jjipc before escaping into 
the air. The entering gas thus has its temperature 
continuou.sly brought lower and lower, till at last it 
is reduced below the critical point of iho gas, and 
the prcs.sure being sufficient a imrtion of the gas 
liquefies, and is blown in drops and spray out of the 
hole at the end of the spiral. Of course the whole 
arrangement requires to be very efficiently protected 
by non-conducting material against the cntranc# of 
heat from the outside air. 

By such mcaas, then, all those substances formerly 
spoken of a.s “ permanent ” gases have been seen in 

* An account of these experiroenU wan given in the Sfujinetr, 
Oct. 4,1896; and later more fully in the Howard Lectures, by Pro¬ 
fessor Ewing [Journal of tAc Hocitiy of Artt, 1897, p. 1091). 

* Described iti the Journ. Soc. (.'htm. Ind., 1H98,17,411. 
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the liquid state, and most of them also in the form 
qf solids. Nevertheless, of the long-known gases 
hydrogen alone remained unobtainable in quantity 
to allow of its more complete study. The boiling 
point and critical temperature were known approxi¬ 
mately from the experiments of 01szew.ski, but all 
attempts had failed to liquefy the element in such 
ipianjlity that it could be retained in an open vessel 
under atmospheric pressure. This important and 
interesting result was ultimately achieved in the 
laboratory of the Koyal Institution under the direc¬ 
tion of 1’rofes.sor Dewar. The apparatus employed 
was somewhat more complicated than that which is 
required in the ca.so of air or oxygen, as it is neccs- 
■sary to cool the gas strongly before using the self- 
intensive process already described. This arises from 
the fact that at the temperature of about—80° C. 
in the case of hydrogen the Joule-Kelvin effect is 
reduced to zero.' It is gratifying to reflect that 
this .should have been accomplished in the Royal 
Institution, where the first successes in this field were 
won by Faraday. The facts are as follows; 

On May 10, 1898, hydrogen was for the first 
time seen to drop from the nozzle of the apparatus 
into a specially constructed receiver, where some 
20 cubic centimetres, or nearly three-quarters of a 
fluid ounce, collected in about five minutes. Larger 
quantities have since been obtained, but the proper- 

* Travers has described a modification of the Hampeon iiquefier 
using liquid air to oool the hydre^en .—PhtL Ma^,, 1901 (6), 1, 411. 
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tion of the whole gas reducetl to the liquid state was 
in the earlier experiments only about 1 per cent. , 

Hydrogen in the liquid state is a clear, colourless 
liquid which exhibits a woll-detincd surface. It is 
remarkable for its low density. This was doterininoil 
by measuring tbo volume of tbo gas obtained by 
evaporating 10 cubic cenliinelres, and was found to 
be rather le.ss than 007, or nU<\\l tmc-fmiriei’nth the 
deneiltj tif liquid miter at O’. One interesting point 
as to the relations of hydrogen .seems to have been 
settled by ibese results. The favourite idea, probably 
originating with (irabain, and generally held for many 
years, has heen that hyilrogi'ii was the vapour of a 
verv volatile metal. Its .assoeialion with the metals 
in chemical and eleotrolylie deeomi«i.si(ions, and the 
ab.sorption of large ([uanlitiijs of the gas by i«dh«lium 
without lo.ss of its metallic jiroperties, always seemed 
to be consistent with this notion. Hut it is now clear 
that hyilrogeu in the liipiiil static ilocs not oxhlhit the 
characteristics of a metal, but .seems rather to find 
its ncarc.st analogues in the gases of the paraffin 
series, marsh gas and the rest, though liquid 
hydrogen has only ahout one-sixth the density of 
liquid marsh gas. The boiling jsiint of this wonder¬ 
ful liquid was found by later experiments to bo 
about 252‘’-253'’ below the Centigrade zero, and 
therefore about 20° above the hypothetical absolute 
zero. At about 4° lower it freezes into a waxy solid. 

There now remained only one of the known gases 
which resisted all attempts to change its state, namely, 
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the inert gas helium. And for ten years it retained 
this exceptional position. As its molecular and 
atomic weight is 4, while the molecular weight of 
hydrogen is 2, it might perhaps have been expected 
to yield more readily, and its peculiarity is doubtless 
attributable to its monatomic constitution. Not¬ 
withstanding many attempts and some premature 
announcements, it was not till 1908 that definite 
liquefaction of helium in quantity which admitted 
of no mistake was announced from the cryogenic 
laboratory of Professor Kamerlingh-Onnes at Leiden.* 
Two hundred litres of helium specially purified from 
traces of hydrogen wore cooled by means of liquid 
hydrogen, and at this low temperature circulated 
through the liquofier. More than 60 cubic centi¬ 
metres (over 2 fluid ounces) of liquid helium were 
obtained. The boiling point of the liquid is approxi¬ 
mately 4°’5 absolute, or 268°-269° C. below 0° C. 
Though made to boil under diminished pressure it 
did not solidify. The density of the liquid is 015. 
In this operation probably the lowest temperature 
ever obtained has been reached. It is estimated to 
be below 2'5° absolute. 

■rile question so often debated as to what would 
happen if a gas could be cooled to this absolute zero 
is already partly answered. All gases change to 
liquids before the zero is reached, but what would 
ensue if the liquid could be deprived completely of 
heat remains a question. We know that when a 
' Comfl. Rnul.,1908,147, «I. 
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liquid is made to boil it carries off heat—so-called 
latent heat -in the resulting va|K>ur. and if changetl 
into vapour by reduction of pressure only, the latent 
heat is supplied at the cxpeuise of its own sensible 
heat, and cooling is the result. As already stated, 
licpiid heliinn has given the best result. 

In such eases, of course, all ordinary tliernionicters 
are usele.ss, and tcni[)eratures li.ivo to bo determined 
by a platinum resistance coil. Hut since the eloetrical 
resistance of metals is min.-h affected by changes of 
temperature, the estimates arriverl at can bo only 
approximate. It seems likely, therefoixt that the 
ahsohito zero of the thermometrie scale will remain 
for some time a subject n])on which the .scientific 
imagination can continue to be exerei.seil. 


lilOGUAl'HK'Ab NOTKS 

LtiUiH Caem.ktkt, ironniiwtor ut 

LofiH Cloukt, bortj nth Nov. I’rofesnor of Cljotnistry 

at the School of Ko^inooring at Mt'/.u-res, thou thrvetur 4>f iron' 
works near Sedan. 

Diud 4th June 1801. 

Jaurk Dkwah, Knt., M.A., LLIX, F.R.K., Jackftmian 
^ Profc8i»or of Natural Experimental IMiilosophy in thu Uni- 
voraity of Cambridge, Fulleriaa PrufuMttr of Choinistry in tho 
Royal Institution. 

Antoine Fr.\n(,'OI8 Fourcboy, born 16th June 1765. The 
son of an apothecary. Succeeded Maequer as Profeuor of 
Chemistry at the Jardin dea Plantes, 1784. Associated with 
Berthollet, De Morvemi, and Lavoisier in promulgating the 
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now system of nomenclature following; on the discovery of 
oxyfjen. r 

JDiod loth Deo. 1809 

[Pogjjeiidorff’s NaudiroTitrhuch. See also Grinmnx’s Laroi- 
Kur.] 

HEiKii KAMEliLlNOFt-ONNEK, Ph.D. Groiiingon, Professor of 
Physics, University of Leiden, Holland. 

Carl Paul Gottfuird Linok, Ph.D. (?<ittiiigen, engineer. 
For some years Professor in the Toclinical High School at 
Mnnicft. 

Gahpard Monoe, born 10th May 1740 at Boauuo. Professor 
of Mathematics at the Military School of Mt'zieres. Held 
several ollicos successively in Paris. Director of Ordnance 
under the llepiiblic in 171)4, Accompanied Napoleon to Egypt, 
lind became President of the Egyptian Institute. Elected 
Senator 1804, and created Count. 

Died in Paris, 28th July 1818. 

[Poggondorff’s Uandiwrtabxich.] 

Thomas Nortjimoue, born in 17CC, M.A. Cambridge. Scien¬ 
tific amateur. 

Died 20th May 18.^1. 

[IHctiunury of Nalimul Jliixjmphii.] 

Karol Stanislaus Oi-szkwski, Professor of Chemistry and 
Director of the Chemical Institute of the University of Krakau, 
Poland. 

Raoul PifeiuiK Pictet. In 1879 Professor of Applied 
Physics, University of Geneva. In 1886 removed to Berlin. 

Karl Wilhelm Siemenk, Knt., F.R.S., born at Lenthe, • 
near Hanover, 4th April 1822. Came to England in 1642. 
Some years later founded the firm of Siemens Brothers, 
electrical engineers. Introduced the regenerative system of 
furnaces. 

Died 19th Nov. 1883. 

[Obituary, Pro*. Hoy. Soc,, vol. 37. 
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Er^iest Solvay, cheniicftl manufacturer, Brussels. 

THiL«jKiER (pnmotfUMa .0, proliably son of Joan Cliaflos 
Thilorier, advocate and mechanical inventor, who died in Hafts, 
June IHIK. 

l/h'f«/rup/ii> Ummiiellf.] 

Zyumi'NT Florenty Wr<jhlbwhki, Imh 2Hth Dot. at 
(Irodno, Russia. Hh.l). Munich 1^71 Hrofoasor of Physics 
in the University ttf Krakau. 

Died lyth April IHHS, ^ 

[Poggondorff’s lluuihcorterhuch, vol. iv., and Chemical Nem^ 

1888 .] 



CHAPTER X 


RADIO-ACTIVITY 

The interdependcnco and indeed the inseparability 
of the two departments of scieneo eommonly known 
as physics and chemistry have never been illustrated- 
more remarkably than during the last few years. No 
history of progress in the one department can be 
traced without showing how the methods of experi¬ 
ment and observation and forms of hypothesis tradi¬ 
tionally associated with the other are found to be 
indispensable. 

Tlie discovery of the phenomena of radio-activity is 
quite recent, but it has already made very consider¬ 
able advances, which may be summarised for the 
chemist by the statement that it has added some 
thirty-seven new substances to the list of “ elements," 
it has provided now mothoils of experimental re- 
sear6h, and it has thrown some light on the tantalis¬ 
ing problem presented by the periodic law, and has 
encouraged further speculation as to the origin and 
life history of the elements. The field thus opened 
therefore -leads directly to questions conoeming the 
very foundations of the physical universe, and though 
at present it affects but slightly the progress of 
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ordinary chemistry', the ftitiire will douhtless see 
profound changes in the theory of chemical action.. 

The discoveries which IihI to the isolation of radii/ln 
originated in the nscarehes of I’nifessor Henri 
Uec(|nercl in conneelion with (In' plniioineTia of 
phosphorescence. The in<|uiry as to a possible con¬ 
nection between the enii.ssioii of Ih.ntgen’s X-rays 
and phosphorescence led him to examine the action 
of uranium .salts, exposed to sunlight, on a phote- 
graphie plait! wrapjxxl in thick black paper. On 
developing the plate an nnpro.ssion of the crystal was 
obtained. It was immediately afterwards found that 
previous exposure of the crystal to light was not 
necessary to the elfect, which was prtsluccd equally 
well in the dark, and was evidently due to a property 
inherent in the uranium .salt. Very soon after this 
discovery Bccipicrel foiiml that the new radiation 
hail the power of rendering the neighbouring air a 
conductor, and .so discharging elcctrilied bodies. 
Tliose anil other experiments were made in the early 
months of the year 1S96.' Liter researches by 
G. C. Schmidt- showed that coniiKumds of thorium 
potiseas similar propcrtie.s. 

About this time tho phosphorescence and *thcr 
properties of uranium attracted tho attention of 
Madame Marie Curie,’ who applied tho electrical 

' Cojipl. Stnd. (18M). pp. 4S0, Ml, 659, 762, 8.'..6, and 10S6. 

■ Ompt. Hmi. (1898), 1284. 

* “ Kadio^actire Snbtitasces ’’: a tbetii preseoted to the KaculU 
des Sciaccot, ParU. Transiatad into th« C'&mtcoi Neiat, Atigaat 
1903. 
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method in measuring the radio-activity of a large' 
nymber of substances, including uranium and Chorium 
alid their compounds. It was found that all the 
minerals which showed radio-activity contained one 
of these two elements, but certain ores of uranium 
exhibited an activity much greater than that of 
metallic uranium. It therefore appeared probable 
that these minerals contained a small quantity of a 
strongly radio-active substance. Accordingly Madame 
Curio, aided by her husband. Professor Pierro Curio, 
proceeded to subject the pitchblende from the 
Joachimsthal (Austrian) mine to a .systematic chemical 
treatment, each product being successively tested for 
its radio-active power. The process led to the separa¬ 
tion of one strongly radio-active substance accompany¬ 
ing bismuth, and to this the name poloiiium was given 
by Madame Curie in honour of her native country. 
Another, called mdiu'in, which accompanies the 
barium obtained from [jitchbleiide, was separated 
from barium by taking advantage of the difl'erenco 
in solubility of the chlorides in water, in dilute 
alcohol, or in dilute hydrochloric acid. Radium 
chloride is less .soluble than barium chloride. Later 
expariments led'to the bromides being preferred for 
this purpose. 

A third strongly radio-active substance was identi¬ 
fied in pitchblende by M. Andr6 Debieme,* and was 
called by him actiniwn. Others have been annoimced, 
such as radio-lead and ionium, but up to the present 

> Contis. JUnd. (1899), 129, 593, and (1990), 130, 206. 
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radium compounds alone have been isolated in a 
pure state. The atomic weight of radium was o.sti- 
mateil by Madame thirio a.s the purification prft- 
coodetl, and it wius shown to inerfase in proportion to 
the radio-activity of the-material, till in 1307' it 
reached 22C'4. A later estimation by Thorpe,’ made 
with abottt seventy milligrams of the salt yielded 
tho figure 22(>'7. Exixtritneiiis by llamaay and 
Whytlnw-Ciray, using a different inetbod, gave S26'3(i 
as tho atomic weight.’ Ihulium is a bivalent ele¬ 
ment, and belongs to the same .series iti Mendelecff’s 
table as barium, wbich it resembles closely in its 
chemical reac.'tions and in the ]iroperties of its 
salts. 

Metallic radium has been isolated ami is found to 
melt at about 700° and to be more volatile than 
barium. Like the alkidinc earth metids it decom¬ 
poses water and forms a soluble hydroxide. The 
chloride and bromide are isomorphotis with tho 
corresponding compounds of buriuiti. It i.s, however, 
tho physical pro|)erties of this element which have 
excited the greate.st interest. In the first place, tho 
radio-activity of radium as measured by ila action on 
tho electroscope is about 2,000,000 times that of 
uranium, and as the result of the researches of various 
physicists it has been shown that the radiation is 
complex in character. 

> Comft. Smd. (1907), US, 422. 

’ Prx. Roy. Soc., 80,298 (1908). 

’ Proc. Roy. ,Soe., 86, 286 (1912). 
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Adopting the notation introduced by Professoi 
Hutherford, the rays which are given off front radium 
iftid other active bodies are distinguished Ss a, and y 
rays, and they are recognised and distinguished from 
each other by their behaviour in a magnetic field. 
From the mode of their deviation and from their 
different powers of penetrating solid bodies, it has 
been shown that a and /3 radiations consist in fact 
of solid particles projected with great velocity, while 
the y rays are 8uppo.sed to resemble the ROntgen 
rays. A very remarkable property of radium (and 
of some other active elements) is the continuous 
omission of ii dense chemically inactive gas. The 
fact that it is carried away from the solid radio-active 
substance by a stream of air led to its detection. 
It is liberated more readily by heating the radium 
compound or dissolving it in water. It can be con¬ 
densed to a liquid by cooling to about -150°, and 
when dissolved in water it decomposes that liquid into 
hydrogen and oxygen. The emanation of radium 
emits only a rays, and its activity, like that of the 
other emanations, diminishes with time, though less 
rapidly than those from actinium and thorium. 
Raitum emiuiation loses half its activity in rather 
less than four days. Tiro loss of activity has been 
connected with the simultaneous production of 
helium, a discovery of great interest which was made 
by Ramsay and Soddy '■ in 1903, and has been con¬ 
firmed by several other observers. But a step of even 
> Pm . Ray . Sae ., 72, 2M (1903). 
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greater importance wag taken when it was shown 
that the a particlos emitted by radium, by the 
emanation as well as by other kimls of nuiio-active 
matter, consist of atoms of helium carrying two unit 
positive charges. This idea is duo to the insight of 
rrofcs.sor E. Kutherford, to whom we owe a theory of 
radio-active change which is now generally accepted. 

He has shown that radium and the similar olcinonts 

. • 

undergo a s|)ontaueoHs disintegration which is the 
cause of their radio-activity, and that each gives rise 
to a series of pnalucts which are .sc|)arablc from one 
another hy their diHerenoe of volatility, and are 
recognisable by the rate at which their roapoctive 
qualities of riulio-activity diminish. Thus riwlium 
gives out a [)article.s, that is charged atoms of helium, 
beside the emanation. Its [X'riod of half transforma¬ 
tion is calculated to ho about 2000 years. The 
emanation in its turn gives off a jrartieles with a 
period of ;tH.5 days, and is transformed into a .solid 
with a short life, and it has been shown that this 
last substance, known as radium A, gives rise to 
at least six auccc.s.sivo transformations of a similar 
character. The following diagram indicates the 
general character of these products, and railialions 
which are emitted from them, together with their 
half-value periods; 


a 


a liy .(iy 

t tt W 
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3 mins. 26*8 mins. 10'& mint. 


Emanation >> 
3'8A days. 
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The three next stages are produced ^ com- 


f>&ratively slow 

transformations: 


Slow 

t 

weak y 

A A 

a 

t 

RaF (Polonium). 

eII-» 

(Niton) 

Ifi'r) years. 

5 days. 

136 days. 


Thp amount of polonium isolated up to the present 
is exceedingly small, much less than the amount of 
radium. It appears to exhibit a distinct spectrum, 
but except that it closely follows bismuth in its 
chemical reactions very little is known about it. 
When it decays the residue exhibits no radio-activity 
and is believed to consist of lead, which is thus the 
final and comparatively permanent end product of 
the transformations of radium. 

The estimation of the density of the radium 
emanation (called by Rjimsay niton) has been 
accomplished by Gray and Itamsay.* Details of 
the construction of the micro-balance and other 
apparatus rc(|uired, and the principle involved in a 
now method of weighing and measuring a minute 
quantity of gas, are given in the memoir (loc. cil.). 
WHcn it is remembered that the volume of gas 
measured was only about Vn cubic millimetre, 
and its weight about milligram, and that a 
balance wixs required which would indicate a 
difference not greater than -rmiWff milligram, the 
extraordinary delicate nature of some of the opera- 
‘ free. Roy. Soo., 84, 636 (1911). 
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tions required in this department of research 
becomes obvious. The atomic weights doducM 
from these experiments ranged lietwccn 218 and 22?, 
with a moan equal to 223. The density of niton 
is therefore about 111, hydrog(!n being unity. The 
atomic .weight of radium liaving Ijcen settled by 
previous observers as approximately 220'4, the 
authors show that three atoms of helium (at.,wt. 4) 
are lost by niton in its decay, and sinoe it hiul been 
rendered almost certain by the work of Dewar, and 
from experiments liy Hutherford and by llamsay and 
Soddx, that four atoms of helium separate from one 
atom of radium, “it follows that one helium atom 
mu.st escape when radium changes into its emana¬ 
tion : hence the true atomic weight of the emanation 
must be 222-4. This number hardly dill'ers from the 
moan (223) of the atomio weight d<iterminations 
given in this pa|«^r.'’ 

It may be added here that niton as a chemically 
inactive ga.s is placed by Itamsay in the argon group 
of elements, notwithstanding its instability. 

During the transformations of the nulio-activc 
elements the expulsion of one or more a particles 
(helium) or fl particles (electrons) is attended fly a 
loss of energy, which appears in the form of heat 

Tliat a radium sidt is always at a tomjrcraturo 
about 2° above its containing ve.s.“cl was di.scovcrod 
in 1903 by Duric and Labordc.' The re-sults sub¬ 
sequently obtained show that one gram of radium in 
I Compt. Rtiul., 13«, 673 (1903), 
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equilibrium with its moduots spontaneously develops 
a Quantity of boat approaching 110 calories per hour. 
In order to account for this loss of energy it was at 
one time supposed that the radio-active body had the 
power of acting as a transformer of energy derived 
from external sources. This hyjxjthesis has, however, 
given place completely to the disintegration theory 
alreiu^y broadly described. A question next arises as 
to tho final products of fho di.sintegration, and much 
speculation has already been provoked on tho subject. 
An instance has already been referred to in tho case 
of polonium, and its supposed resolution into helium 
and load. Whether the other radio-active bodies 
give rise by .similar ojwralions to common elements 
of lower atomic weight is still the subject of inquiry. 
Quito recently tho position of tho radio-active 
elements in relation to tho periodic scheme has been ' 
the subject of remarkable [mpers by Profe.ssor Soddy' 
and llr. K. Fajans.* Soddy states in his book. 
Chemistry of the limlio-Elemrnts? that when tho a 
particle is expelled from an atom the element pusses 
from a group of even valency in the periodic table to 
tho next lower numbered group of even valency, the 
famlily of odd number being always missed. But 
sometimes when the a particle is not lost, the atom 
undergoing change reverts to its original group. 
Further, it is as.sumed by several writers that when 
a rayless or ^ ray change occurs, tho atom changes in 

■ Chtmical Nrwi. Fob. JS. 1913. 

’ Strickle, 46, 423 (1913). ’ Loogmans, 1911. 
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'^oheinioal nature, paasing from odd to even valency, 
or even'to odd valency. Following the course of tl )0 
disintegration of uranium, thorium, and actinium 
respectively, products appear to be formed of ap¬ 
proximately the same atomic weight and the same 
valency, which are so clo.sely similar to one another 
as to be inseparable by any chomieal proces-s. Thus 
it is .said that the six products of the three series, 
namely, the lead resulting from tho declly of 
polonium, that derived from thorium C, radium D, 
thorium B, radium B, and actinium B, with calculated 
atomic weights ranging from 210 to 206, are non- 
separablo from lead with atomic weight 207 1. In 
fact, that the lead of nature is a mixture with an 
average atomic weight of that value. This is to give 
a now moaning to tho term atomic weight which 
recalls tho speculations of ,Sir William (Irookos nearly 
thirty years ago on tho subject of “ Klenients and 
Meta-elements." * 

The whole subject i.s, however, in its infancy, and 
though in active and vigorous growth, it will probably 
require the labour of a generation to place the 
chemical relations of the elements in a position 
beyond further dispute. 

The discoveries of which a brief and necessarily 


* PrasidentUl address, Journ. Ckcm. Soc, (I8H8), 487. 

For a complete aocoont of radium aod of all that is known 
coDceraing the rest of tba radio-active elemente, the reader 
will do well to consult Professor Rutherford's Radio-active StUi- 
stances and their RadxatwM. (Cambridge Universitj Press, 

ms.) 



338 THE PROGRESS OF SCIENTIFIC CHEMISTRY (OHAP. 

imperfect sketch has just been given, together with* 
tl\e extraordinary results of the researches of Sir J. 
J» Thomson and his school in connection with the 
effects of the electric discharge on gases, have proved 
that the atom of the chemist, hitherto assumed to 
ho the indestructible physical unit of mass, is not 
only a complex body, hut is resolvable into smaller 
particles. It is natural that this new knowledge 
should have stimulated speculation as to the origin 
and mode of formation of matter. It is impossible 
in one chapter to provide oven a superficial review 
of the numerous hypotheses which have been pub¬ 
lished to the world during the last thirty years, but 
a general indication of their nature can bo given 
in a few linos, and the reader who wishes to pursue 
the subject must be prepared for an extensive litera¬ 
ture in several languages. 

Broadly speaking, one view most commonly ex¬ 
pressed assumes a proco.ss of evolution in or from 
a primal “ urstoff ” or protyle, the irpiorr) vXri of ancient 
speculation. By a gradual process of condensation 
analogous, though not necessarily similar, to chemical 
polymerisation, the elements are supposed to have 
eoing into existence one after the other in the order 
of their atomic weights, beginning with the smallest. 
Each atomic mass is thus assumed to represent a 
stable aggregation of the fundamental stuff. Why 
each of these should be stable while intermediate 
masses are not so does not appear. One form of 
this view has been developed by Professor Emerson 
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'Reynolds,’ and subsequently expanded by Sir William 
Crookes* It appears to assume that while, generajly 
speaking, (here is a gradual change induced by fell 
of temperature or some similar physical condition, 
there happens at regular intervals a check of .some 
kind which gives rise to a recurrence of the same 
changes in order, so as to account for the periodic 
characters of the elements i»s we know them, arranged 
in the order of their atomic weights, * 

Other writers have suggested the e.vistcnce of two 
or more primal materials which, by condensation 
together, account for tho evolution of the elements 
with the positive and negative characters which the 
various families exhibit. For some of those specula¬ 
tions tho authors look for support in the s[)ectro- 
scopic observations of the stars and nebula', which 
not only .show lines unknown in connection with 
terrestrial matter, but that tho elements of low 
atomic weight appear to be more widely distributed 
than those of high atomic weight,' 

Since tho acquisition of knowledge as to tho 
properties and origin of the radio-active elements, 
tho idea of devolution of more complex to simpler 
forms of matter has como into the field of spq^ula- 
tion. An attempt to apply this idea has already 
been referred to (p. 336), But it is of course im¬ 
plied in the assumption, which seems to bo generally 

' Ckcmidd Neva, 64, 1 (1886). 

• Froc. Noy. Sk., 63, 409 (1898). 

• A iltetoh of tlie more imporlaot of ttieee liypothpee* (a given 
in Tkt BUmenls, W. A. TUden (Hnrpera*). 
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accepted, that uranium is the parent or grand-* 
po/ent of radium. 
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Hknri Bkcquerel was lH>rn in 18f)2. A member of a re¬ 
markably distinguisluHl family of physicists, four meml>er8 of 
which have occiipiod in succession tlie Chair of Physics in the 
liaboratory of the National Museum of Natural Histo^ in 
Paris. At the ago of nineteen Henri entered the ]^o)e 
Polytochniquo. He then went into the Corps des Pouts et 
Chanssoes, and worked as an engineer for tliree years. In 
IHTr) he published a work which gained him a position as 
Demonstrator at the itcole Polytechniquu, where lie became 
Professor in 189.'). In 1878, on the death of his grandfather, 
Antoino Cesar Uocquerol, ho became assistant in the Museum 
under his father, Edmond Beequerel, then professor. He 
succeeded to the Chair in 1892. The present occupant of the 
Chair is Monsiuur Jean Beequerel, the son of Henri Beequerel, 
who died 2r)th August 1908. 

[Beequerel Memorial Lecture, 0. Lodge. Joitnt. (Item. Soc.y 
lUl,20or. (1912).] 

Jamkh Emerson Reynolds, M.D, Kc.D. (Dublin), P.R.S. 
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1908, Langwortby Professor of Physics, University of Man¬ 
chester. 

Frederick Soddy, M.A., F.R.S., Lecturer on Physical 
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Obrhardt Carl Schmidt, Professor of Physios, University 
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Mari,r Curie, n/t Srlodowhka, widow of I’rofoasor Piurro 



Pierre Curie was born in Paris, ir>th March ISTii), and was 
odueated at the Surbonne. Ho was appointotl Professor of 
Ph}'8ic8 in the i*^oIo Municipale in IHUo, ami in IIKH) ho 
becHUio Profi-ssor in the So];bonne. in lH‘jr> he married 
Murio Sklodowska, tlion a student at tho Municipal Soho»)l, 
and jointly with her ho pursued resoun-lies int<» the phononiona 
of radio m^tivity. In 1903 the IJavy Modal was conferred by 
the Royal Society on M. and Mtno. Curie, and they sharwi 
with Henri Hecquerel the Nobel PriiM for Physics. In tho 
Mine year Curie lectured at the Royal Institution, London, 
on radium. Ry a lameiitahlo street accident lie was killed in 
Paris on the 19th April 1900. 

[Obitnarv, Nature, 73, 012. | 
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CHAPTER XI 

SIIMMAIIY AND DONCI.USIDN 

It must now be evident to the reader that ideas of 
the present day relating to the act of chemical 
combination and the nature and constitution of 
chemical compounds arc very different from those 
of a hundred or oven fifty years ago. The Atomic 
Theory ha.s been not oidy received as affording a 
plausible explanation of the familiar quantitative 
laws of chemical combination, but the theory has 
been enthroned as the predominant and indispen¬ 
sable doctrine to which every question in modern 
chemistry is referred, and of which the triumphs 
of modern theory supply the justification. Without 
the Atomic Tlieory and the doctrine of the orderly 
linking of atoms, the natural outcome of the rocog- 
nitioji of that property of atoms which is now called 
their valency, " organic ” chemistry would bo a heap 
of confusion, and progress very slow if not im¬ 
possible. The Atomic Theory, however, was not 
established without a struggle. The early crude 
results of quantitative analysis were sufficient for the 
genius of Dalton; but the fixity of combining pro¬ 
portions can hardly be said (o have been fiiUy 
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established till the researches of Sla-s (p. lOiy sup¬ 
plied the jiecessary facts. The prohloin which Ted 
Borthollet in the early years of the nineteenth century 
to dispute the truth of this fundanientid proposition 
is one which has ever since afforded material both 
for experimental inquiry and theoretical discussion. 
We are quite satisfied now that every chemical 
compound is definite in its nature, and (jiat its 
constituents are joined together in proportions 
which cannot he varied except /«'i- millwni, an<l then 
a new substance is produced. But tho youngest 
student in practical chomisiry soon finds out that 
the production of any given conqjouud is largely 
dependent upon tho conditions of the experiment 
Of these conditions, one very important is tho 
relation between the quantities of the acting mate¬ 
rials, another is the nature of the products of their 
interaction, whether solid, liipiiil, or gaseous, soluble 
or not soluble in tho menstruum employed, and 
so forth, A beautiful experiment, illustrating the 
effect of mass or relative quantity, may he seen 
by mixing together a dilute solution of ferric, 
chloride in water with a similar solution of potas¬ 
sium thiocyanate, when the familiar red coloration 
due to the production of ferric thiocyanate appears. 
If now this liquid be divided into two equal parts, 
and to one is added some more of the ferric 
chloride, a deepening of tint will bo observed, which 
seems to indicate that the iron was deficient in tho 
original mixture. But if to the other portion of the 
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red solution a further dose of the thiocyanate added, 
a "similar deepening at once results. This, on the 
otVor hand, .seems to show that the thiocyanate was 
added to the original in insufficient amount. The.se 
results seem contradictory, and at first sight the 
explanation is not apparent; but on trial it will 
be found that, in order to produce the maximum 
effect,.one or the other of the acting materials 
must be used in very great excess over and above 
the quantity indicated by the theoretical equa¬ 
tion which would be used to express the change. 
And so in many other instances wo have to 
seek the conditions under which, in any system of 
bodies capable of acting upon one another, equili¬ 
brium can bo established. In most of these cases 
the changes which occur are reversible; that is, 
they proceed in one direction till certain quantities 
of the products of interaction have accumulated, 
and the action then comes to an end. This we can 
now explain by a hypothesis which in its original form 
we owe to Williamson (see p. 28.5). It is now clear 
that we must exchange the older statical views of 
chemical compounds, and their modes of interaction 
with tither compounds, for others which involve the 
idea of motion among the atoms. 

In every such system as that described above we 
have two changes going on simultaneously, the one 
between the two original substanoes, in this case 
ferric chloride and potassium thiocyanate, and the 
other between the products ojf their interaction, 
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namely, pota.ssium chloride and ferric thiocyanate. 
If these two changes take place’at different ratJs, 
more and more of one of these pairs of compounds 
will accumulate; when they go on at the same rate, 
then action appears to be at an end, becansi! eipnli- 
brium has been established. The aelion, however, 
must be supposed to contimie, and the eiinilibrium 
rosults tfoin the two opposite interactions piocecd- 
ing at the same rate. Such changes are generally 
represented by an eipiation in which the sign of 
equality is replaced by a pair of arrows pointing in 
opposite directions, to signify that tbe equation may 
be read backwards or forwards, ibns- 

FeClj-|-3KONS;iFe(CNS),! SKI'I. 

If now into such a system in eipiilibrinm a larger 
quantity of any one of the substances present is 
introduced, a disturbance is set up whicb leads to 
the redistribution of its elements to a greater or lass 
extent. This disturbance, there is reason to believe, 
is dependent upon the inereaseil ojqiortunities which 
are afforded to the constituents of the added .sub¬ 
stance of meeting and reacting with the other 
elements present; in the case taken by wiJy of 
illustration, the addition of more of the iron salt 
gives increased chances for the iron to find out the 
unchanged thiocyanate present in the liquid, and 
vice versA. Of course, in all such cases the extent of 
the change is also largely dependent upon tempera¬ 
ture, and where gasequs products are formed it is also 
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much (lopemlent upon pressure. The naturp of the 
solvent employed is important, for in the event of 
gas escaping, or of a solid precipitating, a part of the 
material is eliminated from the sphere of action, 
and a disturbaniio of proportions ensues. In such 
cases the theoretically possible change is usually 
completely accomplished. 

So ‘early as 1852 experiments were made by 
Bunsen,' with the object of testing the “Law of 
Mass,” Ho exploded mixtures of hydrogen and 
carbonic oxide with oxygen in different proportions, 
insuftioient to burn both the gases; but the conclu¬ 
sions ho arrived at wore afterwards shown to be 
erroneous. 

Studios relating to the rate at which chemical 
change proceeds in particular cases have been 
undertaken by many chemists during the last forty 
years. One of tho earliest was the investigation of 
the formation of compound ethers, by the inter¬ 
action of alcohol with acids, by Berthelot.* He 
found, as we should now expect, that the interaction 
proceeds more and more slowly as the ether and 
water are formed, until idtimately it comes to an 
end,'although both acid and alcohol remain in the 
liquid. Another important research was carried out 
by A. Vernon Harcourt and W. Esson,’ in which they 
demonstrated the influence upon the rate of change 

' Lubi^t Aiwalm. 86, 137 (1863). 

• Ckm. Pkyt. [3], 66, 386 ; 66, 6 (1862). 

• /oom, Chm. Sx. [2], 6,46% (1867). 
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01 varying the proportions of tlio materials in the 
reactions they examined. Other special cases havo 
been examined by Gladstone, Horstmann, Dixon, 
Dovillo, Ostwald, Thomsen, and otliers. some of 
whom have been referred to in a ’previous chapter. 
But the merit of formulating tlio i’undainenUd prin¬ 
ciple of the action of mass, and thus bringing into 
scientific form previous vague notions about Jiifinity, 
belongs to the Norwegian physicists Guldborg and 
Wjuige. Their book, entitled linden mr les affinUen 
chimiqnes, published by the University of (diristiania 
in 1867, contains an investigation of the law of mass 
action, which has been of great service to tlicoretical 
chemistry, A discussion of the theorem would bo 
unsuitfible to these pages, but sufiiciont has been 
said to indicate the general nature of the inquiry. 

Temperature, as alreiuly ex[)lained, is a very im¬ 
portant factor in the circumstances which determine 
the rate of chemical change. At the low tempera¬ 
tures now obtainable by liquid air or oxygen all 
chemical activity seems to he suspended, while at 
the opposite end of the scale, at the temperatures of 
the electric arc or spark, all ordinary chemical com¬ 
pounds seem to be broken up into tlieir element. 

Chemical combination, then, is an affair of atoms, 
and their joining together or separating is regulated 
by “affinity," by temperature and pressure, and by 
the mass or relative quantities of the materials pre¬ 
sented to each other. 

Whether isolated ^toma or groups of atoms bearing 
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electric charges, that is to say ions, are the inynediate 
parties in any given chemical action or reaction, 
or whether an interchange between two molecules 
is preceded by combination of the molecules con¬ 
cerned in the form of a temporary union, or 
whether again all atoms are capable of developing 
“ residual valency ” by which they become attached 
to otliers in a more or loss permanent way are subjects 
on which hypothesis has been lavished freely. 

It is not improbable that physical conditions as 
well as the chemical characters of the elements con¬ 
cerned influence the mode of attack profoundly, and 
that the e.xplanation of chemical change Ls not to bo 
attributed in every case to the .same mode of action. 

The general adoption of the Atomic Theory was 
followed half a century later by the great generalisa¬ 
tion known as the “Periodic Liw.” According to 
this principle, expre-ssed in the words of Mcndelf'etf, 
“ the properties of the elements as well as the forms 
and properties of their compounds are in periodic 
dependence on or form a periodic function of the 
atomic weights of the elements.” Until very recently 
the general truth of this statement had been demon- 
strat'ed in respect to every known property of the 
elements with one exception, namely, the specific heat 
of these substances in the solid state. It has been 
mentioned already (p. 99) that this property varies 
considerably with temperature, increasing r^pilarly 
with rise of temperature and diminishing with 
cooling. It is only at the low^jtemperatures attain- 
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•ble by the use of liquid nitrogen and liquid hydrogen 
that th«b important observation became possible, that 
the mean atomic hmU of the elements at about 5f° 
absolute vary periodkally with the (ilomic %vrujlit«. 
When plotted against the atomic weights a curve is 
obtained which follows the courso of the Atomic 
Volume curve shown in the diagram on p. 127. This 
remarkable discovery we owe to Sir .lames Dewar.' 
The .smallest specific heat given in the paper rdferred 
to is that of diamond, namely 0002H, which when 
multiplied by the atomic weight gives O,'! as approxi¬ 
mately the atomic heat, (.’arhon is one of the 
elements which has always been recognised as 
exceptional in re-spect to specific heat, and it is 
probable that its capacity for heat, would vani.sh at 
the absolute zero. Hut such metals as pota-ssium, 
rubidium, and ca-siurn give at the low temperature of 
these experiments atomic beats which are hut little 
below those observed at ordinary temperatures, and 
whether they would change considerably at .50° 
lower in the scale is a que.stion which cannot yet lie 
answered. The interesting result of the.se rosearches 
is the extended application of the periodic law." 

Of the internal construction of the mol^ules 
which result fixim the union of atoms, and even of 
atoms themselves, it has been shown that we have 
some reason to believe that a certain degree of know- 

■ Pm. So). Sac., 89x, 158 (1913). 

* Speculations conceraiog the Periodic Law from the standpoint 
of Radio^activitj have been referred to in Chap. X. 
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ledge has Seen attained. Further informition'as t»' 
molecular constitution seems likely to result from the 
njore careful attention which is now bei»g given to 
the interrelation of chemical constitution and physi¬ 
cal properties. The discoveries which have resulted 
from the careful study of the action of certain com¬ 
pounds on polarised light, encourages the belief that 
an equally careful investigation of the refractivity 
and dispersive power, of the electric conductivity, 
the viscosity, the specific volume, and the specific 
heat of pure substances of known composition may 
help in the further elaboration of those ideas of 
constitution which, imperfectly expressed in current 
chemical formulic, have been derived from the obser¬ 
vation of the modes of formation and of decomposi¬ 
tion of compounds chiefly of one element, carbon. 
Valuable pioneering work of this kind has been 
already accomplished by Gladstone and by Briihl, by 
Hermann Kopp and by Thorpe, by Ostwald, Kohl- 
rausch, and others. In the future one lesson derived 
from the past will doubtless bo always borne in 
mind. The serious influence of small quantities of 
other substances in the materials which arc the sub¬ 
ject of experiment is now recognised, and the labour 
of ^ysical measurements will surely in future be 
expended only upon substances which have been 
purified with the most scrupulous care, or of which 
the composition is accurately known. 

A history of progress in the science of chemistry 
does not consist of an enumomtion of all the dis- 
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joveriea \fhich have been made. A fSw subjects 
have tlifrofore been deliberately omitted from the 
preceding ohaptera for tho rca.son that they apjicar ^ 
bo either unripe for discussion or to have contributed 
little to advance of tho subject a.s a whole. Though 
a very large number of facts have boon roconlcd and 
whole series of phenomena observed, for whidi at 
present there is no sati.sfactorv and eonchisivo ex¬ 
planation to bring them under the great genctalisa- 
tions which have alrcnily been established, there is, 
however, good roiuson to believe that every one will 
fall into its proper place in a comprehensive system, 
of which wo can as yet oidy guess the outlines. 
Bo.side unclassified phenomena there has been of late 
years a gradual roaxljustmont of tho subject matter 
of chemical observation, many things which were 
formerly neglected having become prominent, and 
vice vers,l The pre.sont position of tho chemistry of 
the “rare earths” is an example, and so also is tho 
knowledge we now have of the properties of such 
metals as tungsten, tantalum, and others which, 
owing to practical applications, have been studied 
more and more closely. No new principle of funda¬ 
mental importance is involved in such cases. On the 
other hand, while such an art as |)hotography has 
made enormous strides it con hardly be said oven 
now that tho action of a ray of light in effecting 
chemical change is understood much better than in 
the days of Scheele, who first observed the blackening 
of silver chloride in daylight. 
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It is true that many rude kinds of infesti^tioij ’ 
were undertaken in the middle of last century on the 
ejects of various coloured lights on vegetation, but 
these resulted in no serious addition to knowledge 
either from the theoretical or practical point of view. 
The first systematic inquiries on record are those 
of Bunsen and Boscoe, which, originally communi¬ 
cated to the British Association in 1855, were 
developed in a series of papers in the Philosophical 
Tra'omctiom of the Royal Society for 1857, 1859, 
and 1863. Their measurements, however, related to 
the chemical effect produced by the total solar radia¬ 
tion, and though they discovered many interesting 
facts, including the phenomena of photo-chemical in- 
diiction, no results of this kind can load to any 
explanation of the modns operaiuli. The action of 
light of various degrees of rofrangibility, and of the 
radiation in the ultra-violet, is being studied by 
several chemists at the present time, though some¬ 
what desultorily. 'The results which have been 
published show that in all cases the products are 
complex. Sometimes the effect is one of condensa¬ 
tion, sometimes of decomposition, while isomerisation 
is frequently brought about. There is need for much 
furttcr experiment. 

Another subject which provides a large field for 
investigation is the state known as colloid. Atten¬ 
tion was first drawn to the non-difiusible character 
of soluble colloids so long ago as 1861, by Graham,* 

■ PhU. Tram. (1861), p. 183. 
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%ho first applied this name to substances resem¬ 
bling gelatine. Down to quite recent times the 
subject remained practically where ho loft it, Iwit 
the great importance of the colloidal state in tho 
constituents of animal and vegotahlo tissues, to¬ 
gether with the closer study of the properties of 
■solutions to which both chcuiists and physicists 
have contributed during the last few years, has 
given to colloids a rather prominent place in 
chemical literature. 

Tho science of chemistry now extends so widely, 
not only in its applications to the industrial and 
useful arts, but in providing mothoils for the investi¬ 
gation of all kinds of natural iihenmnena by tho 
physiologist, tho geologist, and tho cosmogonist, that 
it is no longer within tho capacity of any one man, 
however industrious and intelligent, to possess an 
intimate knowledge of all departments of tho science. 
Chemists have therefore been (jompcllcil by tho very 
success which has attended their labours in tho past 
to limit their individual inquiries to a compar.ativoly 
narrow range. There is some ilangcr that this 
tendency to specialisation might stiuid in tho way 
of progress, if it ever became so excessive that, tho 
methods and conclusions arrived at in one depart¬ 
ment ceased to be utilised, because unknown, in other 
departments of the same science. Stops have been 
taken in recent years to provide against such a state 
of things by the publication of summaries such as 
the reports to the British Association, and for 



364 THE PROGRESS OF SCIENTIFIC CHEMISTRT 


chemists especially, the volume of Annual EeportI 
issued by the Chemical Society. 

I Happily the day is long gone by whV popular, 
political, or ecclesiastical ignorance and prejudice 
could stand in'the way of progress. What .seems to 
ho chiefly wanted now i.s the manifestation of greater 
■sympathy on the part of many of the repre-sentatives 
of other departments of human thought and aspira¬ 
tion for the work of those who occupy themselves 
with the study of the material universe. The highe.st 
aim of science is not invention, hut a knowledge of 
nature, and that such aim is consistent with a full, 
deep, and warm appreciation of art and letters is 
happily obvious to the majority of cidtivated men 
and women. In the ancient universities of Great 
Britain until quite recent times chemistry has not 
flourished with the vigour shown hy the older 
studios. Wo may, however, now look forward hope¬ 
fully to tho day, not far distant, when natural science 
will ho cheerfully and openly admitted to rank in 
intellectual importance equally with tho traditional 
learning which has come down to us from the past. 
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Jciios Wilhelm BrShl was bom at Warsaw, 13th Feb. 
1810. After studying at the Polytechnikum in Zurich and in 
the University of Berlin, where he took his degree, he went to 
Aachen as assistant to Landolt. In 1880 he became Professor 
at the Polytechnik at Lemberg, where his health broke down, 
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*ai}d it WA8 necessary to seek a mitder cliinato. In 1888 ho 
took chArge of Bernthson's laboratory in Heidelberg, and*as 
Honorary l^rofessor lectured on organic chemistry, 
soientiiic work related almost entirely to the study of optical 
properties in relation to chemical constitution. 

Ho died at Heidelberg, Tith Fob. 1!)11. 

[Obituary by K. Auwers. 44, (Ibl!).] 

John Ham. (jI,\I)»tonk, born 7tb March 18->7. A studcMit 
at University College utuior (irahain, he aftorw.inis pjjpcoeded 
to Giessen to work with Liubig, returning in IHiH with the 
degree of Ph.D. He held for two years the pust of Lecturer at 
8t. Thomas’s Hospital, but, having iinlependont means, hs 
pursued science as an amateur. From |h 71 to IS77 ho held 
the Fulleriun Professorship of Chemistry at the Royal Institu¬ 
tion, and was first President of the Physical SfK-ioty. The 
most important systematic work ho accomplished was in con¬ 
nection with the refraction and dispersion of Inpiids. He 
introduced the copper-zinc couple as a reagent. 

He died suddenly in London, (Ith (4ct. 

[Obituary by W. A. Tdden. Jouru.Chnn (liK).')).] 

Cato Maximilian OrLDUKUo, born at ('liristiania, lltli 
Aug. 183C. He became teacher of mathenuilicH and mechanics 
at the Military Academy, and later Professor of Applied 
Mathematics in the University of Christiania. From IH7bhu 
was a director of the Norwegian railways. 

Died 14th Jan. 19U'2, 

[PoggendorlTs Hnnifw^Tierhurhy vol. iv.j 

Augustus Georgk Vehnon Haiuoi.iit, M A., D.Sc. O^on., 
F.R.S., lately Lee’s Reader in Chemistry at Christ Church, 
OxfonL 

Wilhelm Ostwalu, Geheim-Rat, lately Professor of Chem- 
iitry in the University of Leipzig. 

Thomas Edward Thorfb, Kiit., C.H., LL.D., 
formerly Principal of the Government Laboratories, Professor 
Emeritus in the Imperial|College of Science and Technology. 



35G THE PROGRESS OF SCIENTIFIC CHEMISTRY ^ 

Petrr Waaoe, born atf Flekkefjord, in South Norway, 29t^ 
Jifne 1833. He was educated at the Bergen Qrammir School, 
ani^. studied medicine in the University of Ohrisfiania. After 
continuing his study of chemistry under Bunsen at Heidelberg, 
he succeeded Strecker as Professor at Christiania in 18C2. 

He died I3th Jan. 1900. 

[Obituary, Jouni. t'hm. Sue., 77, 591 (1900).] 



IMPORTANT EVENTS 


ARRANGED IN CHU()NOU)OICAL ORDER 

Jean Baptiste Dumas borti . . . 1800 

Friedrich Wohler Iwrn.1800 

Electrolytic decomposition of water l>y Nicholson 

and Carlisle.1800 

Justus Liebig born.1803 

Joseph Priestley {born 1733) died .... 1804 

Thomas Graham born ... • • 1805 

J. B. Richter (born 1762) died ... • 1807 

Atomic Theory of Dalton, pub!ishc<i by Thomas 

Thomson.1807 

Isolation of potassium and sodium .... 1807 

Auguste Laurent born.1807 

Henry Cavendish (born 1731) died . 1810 

Elementary nature of chlorine o.stablislii'l 1810 

Hypothesis of A vogadro. . • .1811 

Ro^rt Wilhelm Bunsen born.1811 

Jean Servais Stas born.1813 

Charles Gerhardt born.1816« 

Adolph Wurtz born . . - • .1817 

Hermann Kopp born.*1817 

Jean Charles Galissard do Marignac born 1817 

James Prescott Joule born . . . . • 1818 

Hermann Kolbe born . . • ■ 1818 

August Wilhelm Hofmann born .... 1818 

Law of Dulong and Petit.^819 

Mitscberlich’s first work on isomorphism . . 1819 

Claude Louis Berthollet (born 1748) died . 1822 

• >57 
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Louis Pasteur born 1823* 

Fafaday’s first experiments on liquefaction of gases * 1823 
Alobauder William Williamson born . . . 1824 

Edward Frankland born.1826 

Stanislao Cannizzaro born.1826 

Berzelius’ electro-cbeinical theory .... 1827 

Marcellin Berthelot born.1827 

Wohler’s synthesis of urea.1828 

Humphry Davy (born 1778) died .... 1829 
William Hyde Wollaston (born 1766) died . 1839 

August Kokul^ born.1829 

Julius Lotliar Meyer born.1830 

Graham’s law of gaseous diffusion .... 1831 
Faraday’s work in electricity begun .1831 

British Association for the Advancement of Science 

founded.1831 

Liebig and Wohler on the “ Radical of Benzoic 

Acid”.1832 

Graham on arseniate-s and phosphates (recognition of 

basicity of acids).1833 

Faraday’s first law of electro-chemical decomposition 1834 
Dumas’ discovery of chlorine substitution . . 1834 

Carbon dioxide solidified by Thilorior . 1836 

Laurent’s theory of nuclei used by Gmelin . 1836 

William Henry Perkin bom.1838 

Dumas’ theory of types.1839 

Bunsen's discovery of cacodyl 1841 

Chenycal Society of Loudon founded 1842 

Homologous series recognised by Schiel . . 1842 

Mechanical equivalent of beat determined by Joule . 1842 
John Dalton (born 1766) died .... 1844 
Racemic acid dissected by Pasteur .... 1845 
Synthesis of acetic acid by Kolbe .... 1846 
College of Chemistry, London, founded . . 1845 

Dissociation of water by beat (W. R. Grove) . . 1846 

Frankland’s discovery of ethyl 1848 
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Jons Jakob Berzelius (born 1779)Mied 1848 

FranklAnd’s discovery of zinc-ethyl . I #49 

Wurtz’s discovery of compound ammonias . J849 

Hofmann’s synthetical formation of compound 

ammonias .... . . 1849 

Louis Joseph Gay-Lu.w (Wn 177.S) died . 1850 
Constitution of ether established by Williamson . 1850 
Water-type proposed by WilliamM.h . . 1851 

Principle of “ atomicity ” recogni ^L.‘d by h’raukland . 1852 

Auguste Laurent died. ’*.1853 

Charles Oerhardt died 1H5() 

Perkin dUcover.s “ Mauve ” . . 1850 

Clausiu.s’theory of electrolysis .... 1857 

Dissociation studied by Devillo . 1857 

Linkage of atoni.s recogni8i‘<l by A. S. Coiijicr . 18.58 

Cannizzaro’s Sunto jmblislied.18.58 

Synthesis of acetylene (Berthelol) .... 18.59 
Spectrum analy.sis introduced by lbiri-.(‘ii and Kirchotf lH.59 
Pasteur’s work on formcntaii-’ii begun . . . IHOI 

Eilhardt Mitscherlich (born i79l)dii-ti . 

Andrews’ experiments on liiiucfaclion of gases begun 1803 
Atomicity a]>p!ie<l to the c.\]>I.iuation of i.^omeriKm 

by Crum Jkftwn ... 1804 

Newlands‘‘Law of Octavo '. 1804 

Sprcngel’s mercury pump invented . 1864 

Kekul^’s formula for iK'Uzene . 1865 

Bunsen’s gas-burner invented . . - 186? 

Michael Faraday (imrn 1701) died 1867 

German Chemical Society biunded .... 1807 

Synthesis of alizarin (GraelnMuid Liebeiinaim, Perkin) 1868 

Thomas Graham died.1809 

Mendel^eff's first table of the elements 1869 

Lothar Meyer’s {)eriodic curve.1870 

Justus Liebig died.1873 

Theory of stereo-isomerism (Le Bel and Van't Hoflf). 1876 
liquefaction of oxygw (Pictet and Cailletet) . 1877 
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Society of Chemical Industry founded . . 1881 

Friedrich Wohler died*. 1882 

Henpiann Koll)e died. 1884 

Jean BaptLsto Duinan died.1884 

Adolph Wurtz died.1884 

Tautomerwm or desmotropy recognised (Laar). . 1885 

Kmil Fischer’s synthesis of sugars begun . . 1885 

Gas tlieory of solutions (Van’t Hoff) . . . 1887 

Theory of free ions (Arrhenius) .... 1887 

James Frescott Joule died.1889 

Jean Servais Stas died.1891 

August Wilhelm von Hofmann died . . . 1892 

Hermann Kopp died.1892 

Discovery of argon (Bayleigh and Ramsay) . . 1894 

Jean Charles Oalissard de Marignac died . 1894 

Discovery of terrestrial helium (Ramsay) . . 1895 

Louis Pasteur died.1895 

Julhis Tjothar Meyer died.1895 

Critical temjKjrature and boiling point of hydrogen 

observed by Olszewski.1895 

August Kckul^ died.1896 

Radio-activity discovered (Bec<juercl) . . 1896 

Walden “ inversion ” discovered .... 1896 

Isolation of radium (Curie).1898 

Liquefaction of hydrogen in quantity (Dewar) . 1898 

Robert Wilhelm Bunsen died.1899 

Vran 9 oi 8 Marie Raoult died.1901 

Alexander William Williamson died . 1904 

J. J. iSiomson’a Corpuscular Theory published. . 1907 

Dmitri Ivanov itsch Mendel4eff died . . . 1907 

Marcellin Berthelot died.1907 

William Henry Perkin died.1907 

Helium U([uefied by Kamerlingh-Onnes . . . 1908 

J.H. Van’t Hoff died.1912 
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